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The past year has been a busy one for all of us in the Department of Animal and
Range Sciences at South Dakota State University.
We continue to read and hear about environmental concerns, food safety and
animal rightslwetfare. These consumer perceptions will not easily be alleviated. They
are going to take continuous oversight and education of the beef consuming public to
counteract the negative impact. The Department of Animal and Range Sciences along
with others at SDSU, the SD Department of Agriculture and producer organizations have
been active in a SD Animal Welfare Committee and a newly formed Food Safety Task
Force. We hope both of these coalition efforts will aid in presenting a unified agricultural
education effort to these two important topic areas.
The 1991 Beef Report summarizes research that has been carried out in the past
year. The overall goal of the majority of this research is to reduce the cost of production
for the beef cattle producer. The research productivity of our faculty continues to
increase. You will notice also that there is a real increase in cooperative efforts between
scientists.
Integrated Resource Management, a team approach to identifying and
decreasing production costs, is a major thrust of our extension program. 1990-91 has
also seen the reinstatement of a retained ownership demonstration project. The program
this past year appeared to be very successful with 53 producers gaining experience in
retaining ownership of their calves.
1990-91 has been a good year for the Department of Animal and Range
Sciences. We hope that it has been a good year for you also. If you would like further
information about any of the research reported in this Beef Report be sure to contact the
scientists involved. Keep in touch with us and let us know of the things you would like
to see as research projects and extension programs.
Sincerely,

'

a m e s R. Males
Head, Department of Animal and
Range Sciences

Department of Animal and
Range Sciences
College of Agriculture and
Biological Sciences
Phone: (605) 688-5165

South Dakota State University
Box 2170
Brookings. SD 57007-0392

August 1991

Dear Beef Industry Friends:
Thank you for examining the 1991 edition of the South Dakota Beef Report. This report contains
articles describing our research and extension activities concerning South Dakota's number one
industry--beef cattle.
A wide variety of topics are covered in this year's report. Drs. Carl Birkelo and Don Marshall
published a report describing the relationship between energy requirements for maintenance and
production efficiency in beef cows. The techniques used in this paper to measure maintenance
requirements represent new capabilities for South Dakota State University. Additional studies relative to
cow efficiency are planned for the future and should ultimately contribute greatly to the profitability of
beef cattle operations.
Dr. Pruitt continues to work in the cow supplementation area. One study he reported this year
found an interesting relationship between level of supplement fed and forage availability. 'These findings
have significant implications concerning the way we supplement range cows. This trial will be repeated
and additional information will be coming out in the future.
Renovations at the feedlot north of Brookings have been completed making it one of the most
functional research feedlots in the nation. Under Dr. Pritchard's leadership, feedlot nutrition research
continues to be a strong pan of our beef cattle programs. A wide variety of interesting feedlot topics
are addressed in this report that I hope you will find useful.
Please contact me or any of our staff concerning your production and management problems.
We are here to help you improve the profitability of your beef cattle or agribusiness enterprise.
Sincerely,

Extension Ruminant Nutrition Specialist
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INlERPRETlNG MPERIMENTAL RESULTS
D. M. ~arshall'
Department of Animal and Range Sciences

A typical experimental format involves evaluating
the response caused by application of different
treatments to experimental subjects (animals, carcasses,
pens, pastures, etc.). The effect of a given treatment
might be evaluated by comparison to a control group
or to one or more other treatment groups. However, a
problem with animal research (and other types as well)
is that variation not due to treatments often exists
among experimental subjects.
For example, suppose that animals receiving
ration A grow faster than animals receiving ration B.
Was the observed difference in growth rates actually
due to differences in the rations or to other factors (i.e.,
genetics, age, sex, etc.) or some of each? Statistical
analyses evaluate the amount of variation between
treatment groups relative to the amount of variation
within treatment groups. In addition, variation caused
by factors other than treatments can sometimes be
eliminated by the statistical analysis.
The statement 'the difference was statistically
significant (P = .05)" indicates the probability of a
difference of that magnitude occurring from chance
rather than from the research treatment is about 5%.
A correlation coefficient provides an indication of
the relationship between two factors and can range
A strong, positive correlation (close to 1)
from -1 to +l.
indicates that as one factor increases the other factor
tends to increase, also. For example, several studies
have shown a positive correlation between cow milk
yield and calf weaning weight. A strong negative
correlation (close to -1) indicates that as one factor
increases the other factor tends to decrease. A
correlation near zero indicates the two factors are
unrelated.

I

Associate Professor.

Several of the reports in this publication refer to
least squares means.
In balanced experimental
designs, least squares means are often the same as
the simple raw means. However, when numbers of
experimental subjects are not evenly distributed across
treatments, adjustments to the means are needed.
Appropriate adjustments are made by least squares
procedures. In addition, least squares means are
sometimes adjusted for extraneous sources of variation
through a so-called analysis of variance.
Means (averages), correlations and other
statistics presented in research results are sometimes
followed by f some figure known as the standard error.
The standard error provides an indication of the
possible error with which the statistic was measured.
The size of the standard error of a treatment mean
depends on the animal to animal variation within a
treatment group and on the number of animals in the
group.
All other factors being equal, the greater the
number of animals and(or) replications per treatment,
the smaller the difference required to achieve a given
value for probability of significance. Stated another
way, increasing the number of animals or replications
increases the likelihood of detecting differences due to
treatments when such differences do indeed exist.
Several of the research reports in this
publication contain statistical terminology. Although
such terms might be unfamiliar to some readers, the
statistical analyses allow for more appropriate
interpretation of results and make the reports more
useful.

SDSU PUREBRED BEEF HERDS
R. J. ~ r u i t t '
Department of Animal and Range Sciences

A herd of purebred Angus and Simmental cows
used for teaching, research and extension activities is
maintained at the Cow-Calf Teaching and Research Unit
near the SDSU campus. Besides use in the classroom,
cattle are used for numerous student activities, field
days and 4-H, FFA and other educational events. In
addition to providing research information and an
opportunity for education, this herd provides a stimulus
for interactions between students and faculty and an
avenue for communication between faculty and
producers in the region.
Figures 1 to 5 show the genetic change
accomplished in this herd as expressed by expected
progeny differences (EPDs). These figures represent

Figure 1. Angus trend for weaning and yearling weight EPD.
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the regression of EPDs with year of birth for females
raised in the herd that are still present. This probably
underestimates actual change since older females have
been culled based on their production. For the Angus
herd genetic potential for growth rate (Figure 1) and
milk production (Figure 2) have increased dramatically.
At the same time, average birth weight EPDs have
decreased slightly (Figure 2). For the Simmental herd,
emphasis has been placed on increasing growth rate
while trying to decrease birth weight and improve direct
and maternal calving ease EPDs. Figures 3 through 5
reflect that selection emphasis. The decrease in milk
EPDs (Figure 3) is a result of placing more emphasis on
other traits as long as milk production is at least near
average for the breed.

Figure 2. Angus trend for birth weight and milk EPD.
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Figure 3. Simmental trend for birth weight and milk EPD.
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Figure 4. Sirnmental trend for weaning and yearling weight
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Figure 5. Simmental trend for calving ease EPD.
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To maximize the herd's value as a teaching
resource, a variety of sires that represent differences in
calving ease, growth rate, maternal value and mature
size within their respective breed are used. This
enables us to provide examples of the genetic
differences that are useful to the commercial beef cattle
industry in this region. Although it is necessary to
maintain a variety of cattle within each breed, our
general goal is to produce a high percentage of bulls
that fit into one of three categories: 1) High growth and

milk Angus bulls to breed to cows; 2) Low birth weight
Angus bulls with above average growth and milk to
breed to yearling heifers; and 3) Moderate framed,
above average growth Simmental bulls to use on cows
that can be used as terminal sires or to produce
replacement heifers. Specific goals for the bulls
produced are listed in Tables 1 and 2. The average
expected progeny differences for the Al sires used in
1991 to get closer to those goals are listed in Tables 3
and 4.

TABLE 1. GOALS FOR THE MAJORITY OF
ANGUS BULLS PRODUCED
Low birth
weight
bulls

High
growth
and milk
bulls

< + 6
> + 30
> + 10

Yearling weight EPD

< + 2
> + 25
> + 10
> + 40

Frame score

5.5-6.5

6.0-7.5

> 34 cm

> 34 cm

Birth weight EPD
Weaning weight EPD
Milk EPD

Yearling scrota1
circumference

TABLE 2. GOALS FOR THE MAJORITY OF
SIMMENTAL BULLS PRODUCED

>

Calving ease EPD, heifers

> - 2

Birth weight EPD

< + 1

Weaning weight EPD

>

Yearling weight EPD

+ 50

+ 10
> + 20

Maternal calving ease EPD, heifers

> - 1

Milk EPD

> - 2

Frame score

6.5-7.9

Yearling scrota1 circumference

> 34 cm

TABLE 3. AVERAGE EPDS OF ANGUS Al
SIRES USED IN 1991
Used to produce
low birth weight
bulls

Used to produce
high growth and
milk bulls

Birth weight
Weaning weight
Milk
Combined maternal index
Yearling weight

TABLE 4. AVERAGE EPDS OF SIMMENTAL A1 SIRES
USED IN 1991
Calving ease, heifers
Birth weight
Weaning weight
Yearling weight
Maternal calving ease, heifers
Maternal weaning weight
Milk

In the recent past, yearling bulls produced have
been used in other SDSU crossbred research herds
with some bulls offered for sale. If you are interested in

receiving information on the bulls for sale each spring,
contact Kevin Vander Wal or Dick Pruitt of the Animal
and Range Sciences Department.

OAT MILL BY-PRODUCT AS A ROUGHAGE SOURCE
IN FEEDLOT FINISHING DIETS
C. P. Birkelo1 and J. ~ o u n s b e r y ~
Department of Animal and Range Sciences

One hundred forty-four yearling steers were fed
finishing diets containing either 8% alfalfa hay (8ALF),
8% oat mill by-product (80MB) or no roughage (OR).
Final weight, dry matter intake, feed efficiency and daily
gain were not affected by treatment (P>.I 0). Dressing
percent was .8 and .9 percentage units greater for OR
than BALF or 80MB, respectively (P<.05). OMB has
the potential for decreasing cost of gain in finishing
diets, but lack of a roughage response prevents valid
comparison to alfalfa as a roughage source in this
study.
(Key Words: Oats, By-Product, Roughage, Cattle.)
Introduction
Roughages are generally included in cattle
finishing diets at a level of 5 to 10% of the dry matter or
more. This is done primarily to minimize digestive
disturbances such as acidosis. The most common
roughages used are hays and silages; but, because
roughages are poorly utilized in high concentrate diets,
low quality, high fiber materials can also be used in
many cases without reducing performance. Oat hulls
are one such alternative. Oats have been a important
crop in South Dakota for many years and a portion of
this crop is processed within the state. Oat mill
by-product (OMB) is produced as a result of oat milling
and, as with most by-products, its composition varies,
but it generally consists of at least 80% oat hulls. The
balance is primarily groats. It is higher in fiber than
most conventional roughages, but particle size is small.
Because of its high fiber and low cost, it may be a
reasonable alternative when other roughages are

Its
relatively expensive and/or in short supply.
roughage value in high concentrate diets has not been
investigated, however.
The objective of this study was to determine the
roughage value of unground oat hulls in a high
concentrate finishing diet using OM6 as the source of
the oat hulls.
Materials and Methods
A group of 200 mixed crossbred yearling steers
were vaccinated (IBR, BVD, BRSV, Lepto and 7-way
clostridium), dewormed (Ivermectin), implanted
(Synovex-S) and ear tagged upon arrival at the feedlot.
From these, 144 steers were allotted within weight block
to one of the following treatments: 1) finishing diet
containing 8% ground alfalfa hay (8ALF), 2) finishing
diet containing 8% OMB (80MB) or 3) finishing diet
containing no roughage (OR). There were four pens
per treatment and 12 steers per pen. Initial and final
weights were taken after an overnight shrink off feed
and water. The BALF and 80MB cattle were worked up
to their finishing diets over a 23-day period. OR steers
were allowed an additional 16 days. The finishing diets
are shown in Table 1. The steers were fed for
117 days.
The OMB was purchased locally from an oat
processor and delivered to the feedlot as needed.
Several loads were required to complete the study.
Crude protein content ranged from 3.4% to 8.8% and
neutral detergent fiber from 56.9% to 61.4% of dry
matter. While some plants grind their by-product to
increase bulk density and reduce freight costs,
unground OMB was used in this study because

'~ssistantProfessor.
2~griculturalResearch Technician, Southeast South Dakota Experiment Farm, Beresford.

TABLE 1. COMPOSITION OF FINISHING DIETS CONTAINING 8% ALFALFA (8ALF),
8% OAT MILL BY-PRODUCT (80MB) OR NO ROUGHAGE (OR)
Treatment
Ingredient

8ALF

80M B

OR

% of dry matter

Rolled corn

85.00

Alfalfa hay

8.00

84.40

92.80

8.00

OMB~

Molasses

4.00

4.00

4.00

.14

.18

.I4

1.39

1.03

1.38

Potassium chloride

.36

.53

.36

Trace mineral saltC

.50

.50

.50

Urea

.61

.80

.82

supplementb
Dicalcium phosphate
Limestone

.56

Soybean meal

- -

- -

-

-

a Oat mill by-product.

Contained Rumensin and Tylan to provide 28 glton and 8 glton of diet DM, respectively.
Contained 97% NaCI, .007% 1, .24% Mn, .24% Fe, .05% Mg, .032% Cu, .I 1% Co, .032% Zn and
.5% Ca.
grinding results in very small particle size and would
have likely reduced roughage value.
Daily gains (ADG) were analyzed as a random
design with initial weight:height ratio as a covariate.
Feed dry matter intake (DMI), feed efficiency (FIG) and
carcass data were analyzed as a randomized block
design,
Results and Discussion
-The feedlot performance data are presented in
Table 2. 8ALF and 80MB did not differ in final weight,
ADG, DM1 or FIG during the trial (P>.10). While ADG
for the OR steers averaged .IIb per day less than 8ALF
or 80MB as might be expected, this difference was not
significant (P >.10) and completely disappeared when
expressed as carcass gain per day (2.65, 2.65 and
2.67 Ib per day for 8ALF, 80MB and OR, respectively,

assuming 56% initial dress). It should be noted that
feedlot performance was very good for all treatments,
including OR, in spite of the fact that it contained rolled
corn, a substantial amount of molasses and no
roughage.
Carcass data are presented in Table 3. Only
dressing percent was affected by treatment, with OR .8
and .9 percentage units greater than 8ALF and BOMB,
respectively (P < .05). It is possible that the presence of
roughage in the diet resulted in greater bulk being
retained in the digestive tract, which would in turn
decrease live animal weight retained as carcass weight.
In spite of the fact that these cattle were challenged
with low roughage levels on all treatments, liver abscess
incidence was low, averaging only 3.1% across
treatments. Tylosin was included in the finishing diets
and likely helped control abscess occurrence.

TABLE 2. FEEDLOT PERFORMANCE OF YEARLING STEERS FED FINISHING DIETS
CONTAINING 8% ALFALFA (8ALF), 8% OAT MlLL BY-PRODUCT (80MB)
OR NO ROUGHAGE (OR)
Treatment
ltem

8ALF

80MB

0R

No. steers

47

48

47

Initial weight, Ib

802

808

800

3.6

Final weight, Ib

1234

1242

1221

9.8

Daily gain, Ib

3.69

Dry matter intake, Ib

3.71

22.7

22.3

3.60
22.2

SE

.068
.066

TABLE 3. CARCASS CHARACTERISTICS OF YEARLING STEERS FED FINISHING DIETS
CONTAINING 8% ALFALFA (8ALF), 8% OAT MlLL BY-PRODUCT (80MB)
OR NO ROUGHAGE (OR)
Treatment
Item

8ALF

Carcass weight, Ib

758

80MB
763

OR
766

Dressing percent

61.5a

61 .4a

62.3b

Fat thickness, in.

.54

.56

.58

Rib eye area, in2

SE
6.7
.22
,023

12.7

13.1

13.0

.21

2.0

2.0

2.1

.05

11.12

11.OO

10.86

188

Yield grade

3.05

3.00

3.1 1

105

Liver abscesses. %

7.1

0

2.3

KPH fat, %
Quality gradeC

a'b Means with different superscripts significant (P<.05).

10 = high select; 11 = low choice.

Diet costs and feed cost of gain were calculated
using feed prices listed in Table 4 and performance
data from Table 1. Based on these assumptions, the
80MB finishing diet cost $3.86 per ton DM less than
when using alfalfa hay as the roughage source or
formulating the ration with no roughage. 80MB had a
$1.82 per cwt advantage in cost of gain over 8ALF.
The major difference for the 80MB ration was in cost of
the roughage. The OMB used in this study cost $15.00
per ton as fed at the plant. At $21.50 per ton delivered,
freight obviously played an important role in
determining the relative value of OMB and being close
to a source would increase its competitiveness. The
economic advantage for using alternative feeds needs
to be evaluated for each operation using appropriate
feed costs and nutrient composition. Assuming no
difference in performance, OMB would need to cost at
least $15.00 per ton less than alfalfa to be competitive

using the feed costs in the example. This could
change substantially, however, if fed at higher levels in
the diet or if the OMB grain content was lower.
The data from this study indicate that even diets
that are likely to cause digestive problems (i.e., the OR
treatment) can be fed and result in acceptable
performance. However, good bunk management is a
must and was probably an important factor in the lack
of a roughage response in this study. When some
roughage is necessary to maintain feed intake,
including unground oat hulls from OM6 in finishing
diets can at least in some cases, reduce cost of gain
while maintaining performance comparable to diets
containing ground alfalfa hay. Effectiveness of oat hulls
in OMB as a roughage source in more difficult
circumstances (i.e., poor bunk management, etc.) can
not be determined from this study.

TABLE 4. DIET AND GAIN COSTS FOR FINISHING DIETS CONTAINING
8% ALFALFA (8ALF), 8% OAT MILL BY-PRODUCT (80MB)
OR NO ROUGHAGE (OR)
Treatment

Diet cost, $ per ton D M ~

93.58

89.72

93.58

Feed cost of gain, $ per cwt live gain

28.78

26.96

28.96

a Assumes the following feed costs (as fed basis): rolled corn, $2.20/bushel; ground alfalfa hay,
$80.00/ton; OMB, $21.50/ton ($15.00Iton at the plant + 50 mile delivery); molasses, $lOO.OO/ton;
supplements, 8ALF, $130.85/ton, 80MB, $1 58.57/ton, OR, $141. l O/ton.

IN VTlRO DlGESTlBlLrrY OF UNTREATED AND AMMONlA
TREATED OAT MILL BY-PRODUCT
C. P. ~irkelo',B. ~ o r k o w s kand
i ~ S. shuey3
Department of Animal and Range Sciences

CATTLE 91-4

Summary
Oat mill by-product (OMB, approximately 80% oat
hulls) was treated with 0,1%, 3% or 5% NH3 and lo%,
20%, 30%, 40% or 50% H20 (4x 5 factorial design) and
allowed to react for 28 days. Samples were analyzed
for in vitro dry matter digestibility (IVDMD), crude protein
(CP) and fiber content (NDF, ADF, ADL). Treatment
with 3% NH3 and 20% H20 resulted in maximum
improvement of IVDMD. CP was increased and NDF
decreased due to treatment. Nutritional value of OMB
can be improved by NH3 treatment.
(Key Words: Oats, By-product, Ammonia, Digestibility.)
Introduction
Oats have been an important crop in
South Dakota for many years. Recently, production has
ranged from 46 to 87 million bushels. A portion of this
crop is milled in or near the border of South Dakota,
resulting in localized supplies of oat mill by-product
(OMB). As with other by-products, composition is
variable, but it typically contains greater than 80% oat
hulls. Oat mill by-product use is limited in cattle diets
because of poor digestibility.
Techniques for chemical treatment of poor
quality crop residues have been available for many
years and have been demonstrated to increase
digestibility and dry matter intake of residues such as
wheat straw and corn stalks. Ammonia (NH3) has
become the most popular chemical for treatment,
mainly due to the readily available supply, ease of
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application and contribution of N to the residue.
Residues high in hemicellulose tend to respond best to
treatment, and moisture (H20) additions usually
enhance the response. OMB is high in hemicellulose
and should respond well to treatment.
The objective of this study was to determine if
NH3 treatment of OMB would increase invitro
digestibility and what levels of NH3 and H20 would
maximize the response.
Materials and Methods
Unground OMB samples (100g) were treated
with 0, 1 , 3 and 5% NH3 (dry matter basis) at 10,20,
30,40 and 50% H20, sealed in glass jars and allowed
to react for 28 days. The samples were then opened
to allow volatile NH3 to evaporate, dried at 60 C and
ground. In vitro dry matter digestibilities (IVDMD) were
determined in the conventional manner by incubating
triplicate .6g samples in a rumen fluid-buffer solution
for 48 hours and then pepsin for an additional 48 hours
to simulate the ruminant digestive process. A sample
of alfatfa hay was included for comparison. The in vitro
procedure was replicated twice and the data were
analyzed as a 4 x 5 factorial within run. The atfalfa hay,
untreated OMB and OMB treated with the lowest NH3
and H20 levels resulting in maximum IVDMD were
analyzed for crude protein (CP), neutral detergent fiber
(NDF), acid detergent fiber (ADF) and acid detergent
lignin (ADL) to evaluate the chemical changes occurring
as a result of treatment that might be responsible for
IVDMD differences.

Results and Discussion
-H20 Level

IVDMD response to increasing NH3 and H20
additions are shown in Figure 1. Increasing NH3 and
H20 treatment levels increased IVDMD (Pc.001). The
interaction between NH3 and H20 was also significant
(P<.001), indicating the response to NH3 was greater
with higher H20 content. Maximum effect was achieved
with 3% NH3 and 20% H20 with no significant
improvement above these levels (P> .lo).
Chemical analyses and IVDMD for the alfalfa hay,
untreated OMB and 3% NH3-20% H20 OMB are shown
in Table 1. The 3% NH3-20% H20 sample was
included because these conditions involved the lowest
levels of NH3 and H20 necessary to achieve the
maximum response. The untreated OMB contained
higher crude protein and lower NDF, ADF and ADL than
would be expected of oat hulls and reflected a grain

65
60

NDMD (%)
50
45

40

Figure 1. Effect of NH3 and H20 level on IVDMD
of oat mill by-product.

TABLE 1. CHEMICAL ANALYSES AND IN VlTRO DIGESTIBILITY OF THE ALFALFA HAY
CONTROL, UNTREATED AND 3% AMMONIA-20% MOISTLIRE
OAT MILL BY-PRODUCT (OMB)
Composition, % (dry matter basis)
Feed

cpa

Alfalfa hay

HO
,

OMB

ADF~

ADL~

IVDMD~

21.18~

53.1ofg

43.47f

7.72f

50.00~

8.4gh

58.97f

30.45~

5.48g

44.78h

13.72~

51 .34g

28.4gg

5.26h

63.9af

Untreated OMB
3% NH,-20%

NDF~

a Crude protein (N x 6.25).

Neutral detergent fiber.
Acid detergent fiber.
Acid detergent lignin.
In vitro dry matter digestibility.
flglh Feeds differ (Pc.05).
content that was probably near 20%. Untreated OM0
was obviously of poorer quality than the alfalfa hay,
however (i.e., lower CP and higher fiber). NH3 and H20
treatment increased CP content by 5.23 percentage
points, bringing it up to a level comparable to fair
quality grass hay. This is a typical response to NH3
treatment and previous research has shown this
additional CP to be of at least some nutritional value to

cattle.
NDF was decreased (Pc.05), while ADF
remained unchanged by treatment (P>.10), indicating
a solubilization of hemicellulose. A small but significant
'This
decrease in ADL was also found (Pc.05).
decrease in fiber content was likely a major contributor
to the 19.20 percentage point increase in IVDMD
compared to untreated OM0 (Pc.05). In fact, treatment
resulted in an IVDMD substantially greater than the

alfalfa hay (P<.05). Because of factors such as particle
size and rate of passage through the digestive tract, it
is unlikely that differences of this magnitude would
occur when fed to cattle. However, it appears obvious
that substantial improvements can be made and tnat
feeding studies are warranted.

The results from this study indicate that NH3
treatment of OM6 can substantially improve its potential
nutritional value by increasing CP content and
digestibility. Optimum levels of NH3 and H20 appear to
be 3% and 20%, respectively.

RELATIONSHIP OF MAINTENANCE ENERGY REQUIREMENE
TO BEEF FEMALE PRODUCTION EFFICIENCY
S. A. shueyl, C. P. ~ i r k e l o
and
~ D. M. ~ a r s h a l l ~
Department of Animal and Range Sciences

Summary
Thirty-three Hereford x Angus first-calf females
were used to determine the relationship between
production efficiency (PE = calf weaning
weightll2month dam + calf ME intake) and
nonlactating dam maintenance ME requirements (ME),
and its components k, and FHP. Substantial variation
existed in PE and energy parameters among
individuals. However, maintenance metabolism of the
dam contributed little to explaining PE variation (Fs.04).
This may have been due to the high plane of nutrition
provided. Additionally, FHP was closely related to ME,
(? = .69), suggesting it could be used as an indicator
of fed maintenance requirements.
(Key Words: Cattle, Production Efficiency, Energy,
Maintenance.)

may vary by 20% to 30% due to genetic differences and
have been shown by previous research to be
moderately to highly heritable. For these reasons, it
has been suggested that PE might be improved by
selection for low maintenance energy requirements.
Efforts have been made to develop indicators of
maintenance requirements that may make selection
practical. Improvement in PE by selection for low
maintenance, however, may not be an inevitable result.
Genetic potential for milk production and growth rate
are positively correlated with maintenance requirements
when evaluated across breeds. It is unclear if the same
relationship applies to individuals within a single breed
tYPe.
The objective of this study was to determine the
relationship between maintenance energy requirements
and PE through weaning in beef females of similar
breeding.

Introduction
Materials and Methods
Improving production efficiency (PE) is a
constant necessity for the beef cattle industry. PE has
generally been expressed as weaning weight divided by
feed energy consumed when considering the cow-calf
segment of production. Factors that affect the output
or input side of the relationship could be expected to
affect PE.
Energy requirements can be divided into two
components, maintenance and production. It has been
estimated that 60% to 75% of the total energy needed
for beef production is required by the cow herd. Cow
maintenance energy accounts for 70% to 75% of this.
Additionally, maintenance energy requirements in cattle
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Animals: Production efficiency and energy
balance measurements were made on 33 first-calf
Hereford x Arlgus females (12 in year 1, 21 in year 2).
Females used in the study were the result of a two-way
rotational breeding system. This cross was chosen
because the two breeds have been shown to have
similar maintenance energy requirements and crosses
between the two should likewise be similar.
Production Efficiency Procedure: Starting in
October, the females were placed in drylot as bred
heifers (approximately 20 months of age and 150 days
of gestation) and individually fed for 1 year. They were

fed an amount calculated to meet maintenance,
lactation and fetal requirements, which was additionally
adjusted as necessary to maintain a relatively constant
body condition. Milk production was determined six
times during the study using the weigh-suckle-weigh
technique following a 14-hour separation from the dam
and was expressed as the sum of the six
measurements.
The calves were born during March and April of
each year. They were allowed access to the dams
twice daily for 1 hour during the feeding period to
suckle. During the rest of the day, calves were
maintained separately from the dams to prevent cross
nursing. At night the calves were allowed individual
access to a high-roughage creep feed.
PE in this study was defined as weaning weight
of the calf (g) divided by the total ME (Mcal) consumed
by the female and her calf during the year.
Metabolizable energy intake (MEI) of the dam was
adjusted to zero maternal body weight change during
the PE period using initial and final PE weights and
relationships from NRC (1984).
Calorimetry Procedure: Following weaning of the
calves in October, the females were halter broken and
moved to the metabolism facilities. The females were
limit fed an experimental diet (Table l ) , at 119.8 and
d -years
'
1 and 2, respectively.
117.1 kcal ~ ~ * w t - . ' ~ * in
This included an allowance for conceptus growth. The
diet ME content had been previously determined using
Hereford steers during two 7-day collection periods.
Females were adapted to the experimental diet and
environmental conditions in the building a minimum of
21 days prior to metabolism measurements. During
that time they were familiarized with the calorimetry
system and procedures.
Heat production was determined by indirect
respiration calorimetry using two modified hood
calorimeters. The females were confined to the
calorimeters for two consecutive 23-hour periods for fed
measurements, during which gaseous exchange was
measured. Samples of air entering and leaving the
calorimeters were analyzed for 02, C02 and CH,
content. They were then fasted for 5 days with
measurements taken on days 4 and 5. During all

TABLE 1. EXPERIMENTAL DIETS FED TO COWS
DURING METABOLIC MEASUREMENTS
lngredienta

Year 1

Year 2

-

Ground hay

73.7

61.O

Rolled corn

25.3

35.9

.8

1.4

Energy digestibility, %d

65.0

73.4

Energy metabolizabilty, %d

55.6

61.5

Trace mineralized saltb
Molasses
Vitamin A'

a Percent dry matter basis.

Contained 97% NaCI, .007% 1, .24% Mn, .24%
Fe, .05% Mg, .032% Cu, . l l % Co, .032% Zn and 5%
Ca.
Diets formulated to provide >30,000 IU of
vitamin A daily.
Years differ (P<.001).

'

measurements, animals were allowed free access to
water.
Fed and fasted heat productions and ME1 were
mathematically adjusted to zero energy gain of the
gravid uterus, taking into account day of gestation
during the calorimetry measurements and subsequent
calf birthweight, assuming an efficiency of ME
utilization of 14% for gravid uterine growth. ME
requirement for maintenance (ME),
was calculated
from a semilog regression of heat production on ME1
and solving iteratively for the point at which heat
production was equal to MEI. Partial efficiency of using
ME for maintenance k(),
was calculated by dividing
fast heat production (FHP) by ME.,
Data were analyzed with the General Linear
Models procedures of SAS (1988). Relationships
between the metabolic parameters and PE were
determined by using the pooled data from both years
and including year and PE calf sex in the model.
Results and Discussion
-Selected characteristics of the females and their
calves during the PE phase of the study are presented
by year in Table 2. Females in years 1 and 2 were
from the same herd and, as a result, were genetically

TABLE 2. SELECTED COW AND CALF 'TRAITS DURING PRODUCTION
EFFICIENCY (PE) PHASE OF THE STUDY
Item

Year 1

No, of cows
Average cow weight, lba
Range

S D ~
Weight change, Ib
Range
SD
Calf birth weight, Ib
Range
SD
Weaning age of calf, days
Range
SD
Weaning weight of calf, Ib
Range
SD
Milk production, lbC
Range
SD
Calf M E I ~
Range
SD
Female MEI, ~

c

a

l

~

~

~

Range
SD
Production eff iciencyaef

a Years differ (P<.001).

Standard deviation.
Sum of six measurements following 14-hour separation from dam.
ME1 = metabolizable energy intake.
Adjusted to maternal body weight maintenance.
Expressed as grams of calf weaned/Mcal ME1 of dam and catf.

Year 2

similar. Reproductive performance, as indicated by
weaning age of the calves with a constant weaning
date, and general productivity (milk production and calf
weaning weights) did not differ significantly by year
(P> .lo). Average weights were greater and PE lower
in year 2 than 1 P<.001), likely due to the 12% greater
overall M E I * W - . ~and winter environmental differences.
Most interesting are the ranges and standard deviations
(SD) in PE. Comparison of females more than 1 SD
above the mean (HIGH) to those at least 1 SD below
(LOW) would represent the differences possible if
culling the lower 15% of the herd and replacing them
with a comparable number of the best individuals. By
such comparison, PE of HlGH females were at least
14.9% and 13.2% greater than LOW in years 1 and 2,
respectively. At the extremes, the most efficient female
was 24.1% and 27.0% more efficient than the least in
each year.

5.

Energy metabolism data collected after the PE
phase of the study are presented in Table 3. Fasting
heat production did not differ between years 1 and 2
(P>.10) and are in good agreement with previously
published results for similar cattle. Partial efficiency was
greater in year 2, undoubtedly due to increased grain
content of the diet (P<.05). Numerical differences in
ME, also indicated an expected diet effect but were
not significant (P>.10). As with PE, sizable animal
variation was found in measures of energy metabolism.
HlGH females FHPs were at least 23.0% and 18.6%
greater than LOW in years 1 and 2, respectively.
Comparison of extreme animals indicated maximum
differences of 36.2% and 41.9%. Similar results were
found for ME, (years 1 and 2 HlGH greater than LOW,
19.2% and 21.0%; extremes 32.3% and 47.1%). Partial
efficiency was somewhat less variable within year, with
the HlGH females at least 14.7% and 8.2% greater than
LOW and maximum individual differences of 29.7% and
21.7% for years 1 and 2, respectively.
Variation in ME,
was due more to FHP
k, (? = .12) which is contrary to the
conclusions of previous research.

TABLE 3. ENERGY METABOLISM DATA FOR COWS
COLLECTED AFTER THE PRODUCTION EFFICIENCY
(PE) PHASE OF THE STUDY^
Item
FHP, ~cal*wt-.'~*d-'

Year 1

Year 2

76.7

76.3

.64-.83

.69-.84

104.9

100.5

Range
SD'

Range
ME.,

~cal*wt-.~~*d-'

Range
SD
a Data adjusted to day zero of gestation.

'

Weight (kg).
Standard deviation.
Years differ (P<.001).

The poor relationship between energy parameters and
PE may have been due to the level of nutrition during
the PE phase which was adequate for an average
maternal weight gain of .531b.d-l. It has been
previously suggested that some degree of energy
restriction would place higher producing genotypes at
a disadvantage because of higher and less adaptable
maintenance requirements. The data from our study
would tend to support the implied counterpart to this
statement that no advantage is conferred on genotypes
(or in this case, individual animals within a genotype) by
virtue of having a lower maintenance requirement if
nutrition is not limiting. This could be true if milk
production differed in proportion to ME,,
although this
cannot be confirmed in this study due to the high
variabilrty of the milk data (cv = 20.6%). As a result,
selection for such an attribute in these circumstances
would be of little benefit. However, this says nothing
about the possible role of maintenance in determining
PE with restricted nutrition.

(? = .69) than

Despite the variation present, ME, and FHP only
approached significance (P=.16) when evaluated
separately and contributed little to explaining the
variation in PE (? = .04 and .04, respectively). Partial
was not significant (? = .00; P>.20).
efficiency k(),

An additional point to consider is that the
energy metabolism measurements were made on
females that were pregnant but not lactating. To relate
these to PE requires making the assumption that animal
differences in metabolism would also be expressed
while lactating, at least in relative terms. Such an
assumption may not be appropriate.
While

maintenance estimates for nonlactating Holstein cows
have been consistently higher than for Herefords or
Angus, recent research reported no difference when
estimated during lactation.
If lactation alters
maintenance relationships between genotypes, this may
also occur within genotype. In this case, the energy
metabolism data would only reflect differences present
during 4 to 6 months of the production cycle and its
role in determining PE would be diminished.
If maintenance energy metabolism of the dam is
unrelated to PE, then other factors must be responsible
for the variation seen in this study. PE consists of three
components: dam MEI, catf ME1 from creep and calf
weaning weight. Multiple regression analysis indicates
that 66.6% of the variation in PE is accounted for by
catf weaning weight, 31.I % by dam ME1 and only 1.8%
by calf Cree ME1 (Pc.01). Factors associated with the
calf such as relative weaning age (a reflection of

reproductive performance) and perhaps growth rate and
efficiency of growth as affected by catf sex and sire
deserve consideration.
In conclusion, variability great enough to be of
economic importance does exist for PE as well as ME,
and its components ,k and FHP in beef females that
are likely representative of those found in many
commercial herds in the United States. While not
conclusive, the data suggest that variation in
maintenance requirements of the breeding female have,
at best, a minor effect on PE when nutrition level is
adequate to meet maintenance and lactation
requirements. Additionally, if maintenance requirements
are found to be an important determinant of PE with
restricted nutrition, indicators of FHP would be
appropriate for selection since FHP is the primary
determinant of maintenance.

GRAIN SOURCES AND ROUGHAGE LEVELS FOR LIMITED FEEDING
BACKGROLINDING PROGRAMS
R. H. ~ritchard'and M. A. Flobbins2
Department of Animal and Range Sciences

Summary
The effects of grain source and roughage level
in limited intake feeding programs were evaluated in
622-lb steer calves. Supplemented diets were based
on high moisture ear corn (HMEC), whole shelled corn
(WSC\ + hay to provide similar NDF to the HMEC diet,
HMEC diet containing 10% hay and the WSC + hay
diet formulated to contain NDF similar to HMEC + hay.
Steer calves were blocked by weight and fed to achieve
2.2 Ib ADG for a 52-day period. Steers fed HMEC had
higher (Pc.01) ADG and lower (Pc.01) feedlgain than
WSC fed steers. Low crude protein in the hay source
caused lower (Pc.01) crude protein in WSC diets.
Lower crude protein intake could have limited steer
growth. NE utilization appeared more efficient (Pc.05)
for heavy weight block steers, reflecting NRC equation
low sensitivity to modest differences in frame size.
Roughage level did not affect performance and did not
interact with grain source.
(Key Words:
Backgrounding.)

Steers,

Energy,

Protein,

Grain,

Introduction
Previous work at SDSU and other stations has
shown that feeder calves can be effectively
backgrounded by limited feeding of high concentrate
diets.
This system simplifies bunk management,
minimizes roughage handling and allows the feeder to
dictate growth rate of the calves. During periods of
high roughage costs and low grain prices, limited
feeding allows the feeder to minimize the cost of energy
in the grower phase.

1
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We have evaluated desirable protein and
ionophore levels for this type of program. Questions
remain about the effects of fermentability of the grain
source and whether dietary fiber levels are important in
formulations.
This experiment was designed to
compare high moisture ear corn and whole shelled corn
as rapidly and slowly fermented grains in diets with
varying NDF content.
Materials and Methods
Steers calves used in this trial arrived at the
research feedlot 2 months prior to initiating this study
and were used in a receiving management experiment.
Steers were sorted into light and heavy weight blocks
at the end of the receiving study before allotment to
treatments. Two 8-head pens of light weight calves and
three 8-head pens of heavy weight calves were
assigned to each treatment.
The high moisture ear corn (HMEC) diet
(HMEC-LO) was used as the basis for subsequent
formulations (Table 1). The lower roughage whole
shelled corn (WSC) diet (WSC-LO) included grass hay
to achieve the same NDF content of HMEC-LO. These
represent low roughage diets. High roughage diets
were produced by adding hay to HMEC (HMEC-HI) or
WSC (WSC-HI) based diets to increase NDF content to
30%.
Diets were formulated to contain similar
concentrations of other major nutrients and monensin.
Target ADG was 2.2 Ib per day. This value and
the projected mean weight for each 14-day period were
used to estimate required DM1 for that period. Feed
deliveries were then held constant for the 14-day
period. Deliveries were adjusted every 14 days

TABLE 1. COMPOSITION OF LIMIT FED DIETs~~'
Grain source

HMEC

WSC

Fiber level

Low

High

Low

High

HMEC, %

84.200

76.041
69.906

63.980

9.989

20.333

27.500

13.370

12.020

7.967

7.000

,270

.250

.250

,268

Calcium carbonate, %

1.210

1.020

.918

.752

Potassium chloride, %

,450

180

.I26

Trace mineralized salt, %

.500

,500

.500

WSC, %
Hay, %
Soybean meal, 44%, %
Dicalcium phosphate, %

SEM

,500

Dry matter, %

68.0~

69.1f

85.6g

85.4g

.32

Crude protein, 7;

14.64~

14.3Ie

12.6gf

12.28g

139

12.5f

10.2~

12.9~

.16
.58

ADF, %

9.5e

NDF, %

23.9

28.6

20.6

25.2

NE.,

~callcwt~

87.7

84.9

89.2

84.5

NE,

~calicwt~

57.6

54.5

57.4

54.8

a All values except DM on DM basis.
All diets included 30 gTT monensin and 1,000 IUIlb supplemental vitamin A.

All values except NE, and NE determined by laboratory analysis.
Estimated from tabular feed vayues.
Means within a row with unlike superscripts differ (P<.05).
throughout the 52-day feeding period based on current
weight.
Individual body weights were determined prior to
feeding. Final body weight was the average of weights
taken on days 51 and 52. Feed ingredients were
sampled weekly for DM, CP, ADF and NDF content.
Steers were fed once daily in the morning. NE values
were calculated based on mean steer weights and
cumulative average daily gain.
Performance data were analyzed on a pen mean
basis by procedures appropriate for a 2 x 2 x 2 factorial
arrangement of treatments when grain source and

roughage levels and weight block were main effects.
When interactions were nonsignificant (P>.15) in the
overall model, they were deleted from the final analysis
of variance. Diet composition means were separated
by Duncan's new multiple range test.
Results and Discussion
-The heavy weight block steers were expected to
require more feed for a similar weight gain than the
light weight block steers and were accordingly offered
more feed. They would also be expected to have a
higher feedlgain requirement than light weight block
steers. The heavy weight block steers actually had a

higher ADG (Pc.05) and feed intake (Pc.001) but
similar feedlgain as the light weight block steers
(Table 2). Accordingly, calculated NE of the diets was
higher (Pc.05) in the heavy weight block steers.
TABLE 2. EFFECT OF WEIGHT BLOCK ON THE
FEEDLOT PERFORMANCE OF LIMIT FED STEERS
Weight block
Light

Heavy

SEM

Initial wta

576

653

1.4

Final wta

723

808

2.5

Calculated

a Weight block effect (Pc.001).

Weight block effect (Pc -05).
Weight block effect (Pc.01).

These steers had been managed together for
several weeks prior to starting this experiment.
Differences in weight groups reflected differences in
frame size more than differences in condition. While
the heavy weight block steers would still be considered
medium framed by NRC standards, the energy
utilization data would be consistent with larger frame
sizes. These data emphasize the lack of sensitivity of
NRC equations to frame size when projecting growth
rates in limited feeding programs.

During the course of this experiment, the crude
protein content of hay declined. This resulted in lower
(Pc.01) crude protein for the whole shelled corn based
diets (Table 1). To achieve the targeted 2.2 Ib ADG,
the dietary CP indicated by NRC is 12%. This value
would increase to 13% CP for 3.0 Ib ADG. Previous
research here has indicated low dietary protein will
result in reduced ADG. 'This probably contributed to
the lower (Pc.05) ADG on the whole shelled corn diets
(Table 3). Ear corn can vary substantially in energy
content as grain:cob ratios change. Tabular values
may have underestimated the caloric value of the
HMEC used in this study, further contributing to the
ADG response differences.
Fiber level tested did not affect feedlot
performance and no interactions existed between fiber
level and grain source. There was no apparent
advantage to including higher dietary roughage levels
in this management system. Including 7 to 10% hay
did not reduce calculated NE values for the diets.
The calculated NE values for these diets are
considerably higher than values estimated from tabular
feed values. This has been observed in several studies
here and at other stations. The limited feeding program
apparently increases the efficiency of energy utilization
by cattle. Beneficial changes in ruminal fermentation
characteristics and/or site and extent of starch digestion
may be occurring. Practical application may require
increasing the estimate of NE, and NEg of diets by
30% and 25%, respectively.
The limited feeding of high concentrate diets is
not restricted to specific grain and roughage sources.
Dietary crude protein and an accurate assessment of
frame size are critical factors for meeting projected rates
of gain.

TABLE 3. EFFECT OF DIET ON THE FEEDLOT PERFORMANCE
OF LIMIT FED STEERS
Grain source
Fiber level

HMEC
Low

WSC
Hi~h

Low

Hiah

SEM

Initial wt

621

625

62 1

622

1.8

Final wta

783

788

761

764

3.2

Calculated
NE,

~callcwt~

123.8

118.0

103.0

101.9

2.64

NE,

~callcwt~

74.8

72.9

66.8

66.2

1.22

a Grain source effect (Pe.01).
Fiber level effect (Pe.01).
Grain source x fiber level (Pe.01).

SUBSTlTUTlON OF ROLLED BARLEY FOR WHOLE SHELLED CORN
IN FINISHING DIETS FOR STEERS
R. H. pritchardl and M. A. I3obbins2
Department of Animal and Range Sciences

Summary
Rolled barley was substituted for 0, 25, 50, 75 or
100% of the whole shelled corn in finishing diets fed to
steers for 84 days. Increasing barley substitution
resulted in a linear (P=.12) decrease in ADG and a
quadratic (Pc.05) decrease in DM1 with no effect on
feed conversion. At the termination of the study, barley
substitution caused a linear reduction in carcass weight
(P<.01) and dressing percent (Pc.01). The 100%
substitution of barley for corn reduced (Pc.05) the
percentage of carcasses grading choice. Dietary net
energy values calculated from steer weights, gain and
feed intake increased linearly (P<.10) as barley content
of the diets increased, possibly reflecting positive
associative effects. Published energy values for barley
may not be suitable for least cost pricing in all feeding
situations.
(Key Words: Cattle, Barley, Corn, Energy, Associative
Effects.)
Introduction
Barley is often competitively priced compared to
corn for many South Dakota cattle feeders. Rolled
barley is a rapidly fermented grain which limits its use
in high concentrate finishing diets.
The rate of fermentation of grain sources used in
finishing diets affects feed intake, starch digestion and
frequency and severity of acidosis. There is evidence
that using combinations of grains of differing
fermentation rates can improve feed efficiency. Whole
shelled corn is one of the more slowly fermented
feedstuffs used in finishing diets.
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This feeding trial was designed to determine if
specific blends of rolled barley and whole shelled corn
would enhance efficiency of feed utilization in feeder
cattle fed finishing diets.
Materials

Methods

In mid-March, Angus and Limousin x Angus
steers (159 head; initial weight, 794 2 2.4 Ib) were
stratified by weight and origin to 20 pens of seven or
eight head. These steers had been in the research
feedlot since early November. The diets fed included
the following corn:barley ratios: 100:0, 75:25, 50:50,
2575 and 0:100 (Table 1). The steers had been limit
fed high grain diets during backgrounding and were
abruptly switched to the finishing diets at the stan of
this experiment. Initial feed delivery was restricted to
15 Ib DM per head and was increased gradually over
the first 14 days. Peak DM1 was reached by 28 days
on feed. Diet composition (Table 2) is based on
analysis of weekly samples of diet ingredients.
Steers were implanted with Ralgro on the
second of two consecutive day weights used as the
initial weight. Feed and water were withheld for
12 hours before weighing. Similar weighing procedures
were followed after 84 days on feed.
Carcass weight and federally assigned yield and
quality grades were obtained from IBP (Luverne, MN).
Tabular NE values (Table 2) were based on
typical composition of feeds for cattle previousty
published. Calculated NE values (Table 3) were
derived using NRC relationships of energy requirements

Diet
7525

1OO:OO

Item

50:50

25:75

0: 100
10.000

Ground hay

10.000

10.000

10.000

10.000

Whole shelled corn

80.654

61.538

41.433

20.988

Soybean meal, 44%

4.600

3.540

2.500

1.423

,520

Calcium carbonate

1.081

1.126

1.180

1.233

4.290

Dicalcium phosphate

.391

.300

191

.091

1.279

Potassium chloride

.354

.350

.344

.340

.336

Trace mineralized saltC

.300

.300

.300

.300

,300

Fat

,120

,120

,120

.I20

,120

Rolled barley
Molasses

a ~ lvalues
l
dry matter basis.
b ~ ldiets
l
provide 26 g K monensin and 1000 IUIlb supplemental vitamin A.
'contains NaCl 93 to 98%, Zn 2 .35%, Mn 2 .28%, Fe 2 .175%, Cu 2 .035%, 1
.007%.
TABLE 2. DIET

2

.007%, Co 2

COMPOSITION^^^
Diet

Item

10O:OO

75:25

50:50

25:75

0:lOO

SEM

Dry matter, %b

86.7

86.8

87.0

87.1

87.2

.271

Crude protein, %bd

11.1

11.37

12.13

12.47

12.99

.lo0

ADF, %bd

6.63

7.50

8.39

9.30

10.03

.I10

NDF, %bd

14.46

18.24

22.13

26.13

29.33

.367

NE.,

93.0

90.9

89.0

86.9

85.1

61.5

60.0

58.4

56.8

55.5

Mcal/cwtC

NEg. ~ c a l / c w t ~

K, %C

.900

a ~ values
ll
except DM on DM basis.
b~eterminedby laboratory analysis.
'Estimated from tabular values.
Diet effect (P<.01).

.899

.899

.900

.899

for maintenance and gain based on mean body weight
and ADG observed in this study.
Data were analyzed by procedures appropriate
for a completely randomized design experiment. Pen
was considered the experimental unit for feedlot
performance data while steer was considered the
experimental unit for analyzing carcass data. Linear
and quadratic responses to diet were tested using the
CONTRAST option in the GLM procedure of SAS.
Frequency data for carcass traits were tested by the
Chi square procedure.

Quality of barley grain is variable and tabular
feed compositions represent the average of this
variation which could lead to over or under estimation
of dietary energy. This grain was 88% DM, 13.7% CP,
7% ADF and 29% NDF. Tabular values are 89% DM,
12% CP, 7% ADF and 24% NDF. The similarity of fiber
content between tabular values and actual values for
this lot of barley cannot help to explain the differences
in NE observed. The higher than expected CP content
of the barley resulted in higher (Pc.001) CP content of
the barley containing diets (Table 2). All diets should
have contained sufficient CP to meet requirements for
growth for this set of steers.

Results and Discussion
-Presumably barley has lower energy values than
corn because of the relatively higher fiber content. This
resulted in a linear decline in the tabular NE and NE
m.
values as barley content of the diets Increase8
(Table 3). As a rule of thumb, we expect DM1 of high
grain diets to increase as energy density decreases.
This is based on the assumption steers will consume
feed to an energy intake maximum. In this experiment,
DM1 began to decline (Pc.05) when diets contained
50% barley and continued to decline for the 25:75 and
0:100 diets. This may be due to the higher amounts of
rapidly fermentable carbohydrate in these diets. It
could also be related to the undesirable texture of the
dry rolled barley.
Daily gains tended to decline linearly (P=.12) as
the dietary proportion of barley increased. This
response is expected when DM1 declines. We would
expect feedlgain to increase under these conditions
because intake became a smaller multiple of
maintenance, but no differences (P > .15) were observed
in this experiment.
The NE values of diets can be calculated based
on average weight and rate of gain of cattle. Dietary
NE, and NE both tended to increase (Pc.10) as
9
dietary barley ~ncreased. This is a reversal from the
expected response and is not easily explained. Intake
patterns did not differ during the feeding period. There
is the possibility that the lower feed intake when the
grain mix was 250% barley worked to improve feed
efficiency as has been noted for restricted feeding
programs.

There was a linear decline in carcass weight
(Pc.01) and dressing percent (Pc.05) as dietary barley
increased (Table 4). Based on these conditions, we
could assume that the steers fed higher barley diets
were not as fat as the steers on the 100:O diet.
Federally assigned yield grades tended to decrease
(Pc.10) as diet barley content increased. The NE
equations would be more accurate when cattle are fed
to a similar body fat endpoint. If the barley-fed cattle
were leaner, it may have favorably biased the NE
estimates.
The data reported indicate barley has 5% higher
NE, and 3% higher NES content than corn. If body fat
differences were accounted for, barley energy content
may still be equal to the dry whole shelled corn used.
From an economic standpoint, several factors
should be considered when considering barley feeding.
Most obvious is the relative cost of the rolled barley. In
this experiment, another 6 days would have been
required to have the 0:100 steers weighing as much as
the 100:O steers. At trial termination, the 0 : l W steers
had consumed 201 Ib per head less feed than the
100:O steers. After an additional 6 days, the total feed
savings per head would have been 78 Ib. The feed
savings would more than offset the additional 6-day
yardage charge. There is also a significant savings in
supplemental crude protein to consider.
The
supplement for the 100:O diet was 34.7% CP, while the
supplement for the 0:100 diet was 10.3% crude protein
to produce 12.0% CP diets.

TABLE 3. FEEDLOT PERFORMANCE OF STEERS FED CORN-BARLEY DIETS
Diet
Item

10O:OO

75:25

5050

2575

0: 100

SEM

Initial wt, Ib

793

796

797

792

795

2.4

Final wt, lba

1072

1064

1071

1057

1054

8.2

ADG, lbb
DMI, lb/headc

Calculated
NE,
-

Mcal/cwtd

89.7

86.9

91.3

90.1

94.5

"

-

2.1 1
-

p
p

a P=.13.
Linear P=.12.
Quadratic P<.05.
Linear P<.10.

TABLE 4. CORN-BARLEY DIET EFFECTS ON CARCASS TRAITS
Diet
-

ltem
Carcass wt, lba
Dressing percentb
Yield gradeC
Choice, %d
a Linear P< .01.

Linear Pc.05.
Linear P < .lo.
P<.05.

1OO:OO
646
60.4
2.45
73.3

-

-

-

-

p
p

7525

50:50

2375

0: 100

SEM

651

648

62 1

623

8.5

61.3
2.34
81.3

60.6
2.36
77.4

58.9
2.31
76.7

59.2
2.19
48.4

.65
.096

METHIONINE ADDITION TO A UREA-GRAIN SUPPLEMENT
FOR COWS GRAZING DORMANT WINTER RANGE
P. A. ~ o m o n t ' ,R. J. pruitt2 and P. S. ~ o h n s o n ~
Department of Animal and Range Sciences

Summary

Introduction

A 2-year grazing study involvirlg 103 mature
pregnant Simmental x Angus cows grazing dormant
winter range was conducted to determine the effects of
methionine addition to a urea-grain supplement on
forage intake and digestibility and on cow performance.
Four protein supplements designed to supply .8 1b
crude protein per head daily were fed from
mid-November to mid-February.
Supplements
contained (1) urea (CON), (2) urea plus methionine
(MET), (3) urea plus sodium sulfate (SUL) and
(4) soybean meal (SBM). Twice during the second
winter (late November and late January), cows were
administered controlled release chromic oxide boluses
and fecal samples were collected to determine grass
intake by the fecal outputlindigestibility ratio technique.
Organic matter intake (OMI) and digestibility (OMD)
were higher in November than January. No differences
in OM1 between supplemental treatments were detected.
A treatment x grazing period interaction was detected
for OMD. In late January and November, OMD was
higher for cows fed SBM than cows fed supplements
containing urea. In late January, OMD was lower for
MET compared to SLlL fed cows. Cows supplemented
with MET gained less weight and body condition over
each winter grazing period than SUL fed cows.
Methionine addition to a urea-grain supplement did not
improve digestibility or intake of range forage or cow
weight gains.

Most research would indicate that nonprotein
nitrogen supplementation of cattle consuming mature
low protein forages resutts in decreased animal
performance compared to natural protein sources.
Addition of sulfur or methionine (a sulfur containing
amino acid) has been shown to increase urea utilization
in the rumen of cattle fed nonprotein nitrogen
supplements while consuming low quality forages. As
a result of increased microbial activity, diet digestibilrty
is increased which may resutt in an increase in forage
intake and(or) animal weight gains. The objective of
this study was to determine if the value of urea
supplements for cows grazing dormant winter range
could be improved with the addition of methionine.

(Key Words: Cow, Methionine, Urea, Range Grass,
Digestibility, Intake.)
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Materials and Methods
Mature, pregnant Simmental x Angus cows
grazing dormant winter range over two years at the
SDSU Range and Livestock Research Station near
Cottonwood were fed one of four protein supplements
(Table 1) from mid-November to mid-February.
Supplements contained urea (CON), methionine and
urea (MET), sodium sulfate and urea (SUL) and
soybean meal (SBM) and were balanced to provide
.8 Ib crude proteinlcow each day. Total sulfur supplied
by MET and SUL was similar. Chemical composition of
daily supplemental intake is listed in Table 2. Cows on
each treatment were group fed pelleted (718 inch
diameter) supplements each morning. For 12 days
during the first winter, cows on each treatment were fed
equal amounts of mature prairie hay (6% crude protein,
70% NDF, 39% ADF) when snow cover prevented
grazing. No hay was fed during the second winter
grazing period.

TABLE 1. COMPOSITION OF SUPPLEMENTS FED TO COWS ON DORMANT WINTER

RANGE^

Supplement
Ingredient

SBM

Soybean meal

91.4

19.8

19.9

21.4

3.1

57.4

57.7

59.1

8.3

8.3

8.3

Corn

Urea

MET

SUL

Sodium sulfate

CON

3.0

Sodium bentonite
Liquid molasses
Potassium chloride
Dicalcium phosphate

1.I

1.1

1.1
-

a Percentage, dry matter basis.

TABLE 2. DAILY NUTRIENT INTAKE FROM SUPPLEMENTS FED TO COWS
Supplement
SBM
Dry matter, Ib
Metabolizable energy, ~ c a l ~
Crude protein, Ib
Nonprotein nitrogen, Ib
Methionine, Ib
sulfurb, ~b
Calcium, Ib
Phosphorus, Ib
Potassium, Ib
a Calculated from NRC feed tables.

Total sutfur.

MET

SUL

CON

Initial (mid-November) and final (mid-February)
cow weights were averages of two shrunk weights
(overnight feed and water removal) taken on
consecutive days. Condition scores (1-9, 1 = extremely
emaciated) were assigned at the start and end of each
winter grazing period by two trained technicians. Cows
were bred to Simmental and Angus bulls and calved
from mid-March until late April (mean calving
date = March 30).

Supplemental treatment effects on forage intake
and digestibilrty were analyzed in a split-plot design.
Treatment effects on animal performance data were
analyzed in a completely random design.
Least
squares means were generated utilizing General Linear
Model of the Statistical Analysis System. Treatment
differences were obtained by orthogonal contrasts
which included (1) MET vs SUL, (2) CON vs MET, SUL
and (3) SBM vs MET, SUL, CON.

Supplemental treatment groups were randomly
allotted to one of four pastures and were rotated across
pastures every 2 to 3 weeks. Treatment groups
occupied each pasture a similar length of time during
the grazing period.
During the second winter
estimations of range forage availability and utilization
were made of the predominant grass species in
November (11120189) and January (116190). Total
biomass and percentage utilization were estimated for
each species on 32 plots per pasture. Approximately
one-half of those plots were also clipped to calibrate the
estimates at each date. Species composition of forage
samples collected by esophageally fistulated cows was
determined by microhistological analysis4.

Results and Discussion
--

To determine forage intake and digestibility 12
cowsltreatment were administered controlled release
chromic oxide boluses5 in late November and again in
late January of the second winter grazing period.
Seven days after bolus administration fecal grab
samples were collected each morning for five
consecutive days. Four esophageally fistulated cows
were used to collect forage samples during the
November and January fecal collection periods. Fecal
chromic oxide concentrations, determined using a
microdigestion-oxidation procedure and flame atomic
absorption spectrophotometry, were used as an
external marker to predict fecal output. Forage and
feces acid insoluble ash were used as an internal
marker to predict organic matter digestibility. Organic
matter intake was predicted by the fecal organic
matterlorganic matter indigestibility ratio.

Western wheatgrass comprised 69% of the
Both
forage available in November (Table 3).
vegetation and esophageal samples indicated that 94%
of the range grass removed from pastures during the
grazing period consisted of western wheatgrass. Later
in the grazing period percent fiber and amount of
Japanese brome in the selected diet was higher
(Table 4).
Fecal organic matter output of cows in late
November and late January were similar (Table 5).
Organic matter intake and digestible organic matter
intake, expressed as Iblday or as a percentage of initial
cow body weight, were higher (Pc.01) in late November
compared to late January.
The supplemental
treatment x grazing period interaction was
nonsignificant for fecal organic matter output, organic
matter intake and digestible organic matter intake. No
differences in fecal organic matter output, organic
matter intake or digestible organic matter intake were
attributable to supplemental treatments (Table 6).
Organic matter digestibility was higher (Pc.01)
in late November compared to late January (Table 7).
The supplement x grazing period interaction was
significant (Pc.01) for OMD. In late November and
January, OMD was higher (Pc.01) for SBM than cows
fed urea-containing supplements. In late January, OMD
was higher (Pc.01) for SUL vs MET. The addition of
methionine or sulfur to a urea-grain supplement did not
increase OMD compared with CON.

4~ppreciationexpressed to Terry Foppe, Composition Analysis Laboratory, Range Science Department,
Colorado State University, Fort Collins, CO, for species identification of esophageal samples.
%aptec Chrome, NuFarm Industries, Aukland, New Zealand.

Mature pregnant cows grazing dormant winter
range and supplemented with MET gained less weight
(P<.01) and less body condition (P=.08) than SUL
(Table 8). Winter weight gains for SBM-fed cows were
higher (P<.01) compared to cows fed supplements
containing urea, and it appears reasonable to assume
that this difference is largely due to the depressed
performance of MET-fed cows.

These results indicate that methionine addition
to a urea-grain supplement did not improve intake or
digestibilrty of mature dormant grasses or performance
of cows grazing winter range.
It appears that
methionine supplementation decreased forage
digestibility during the latter part of the grazing period
resulting in depressed animal performance.

TABLE 3. FORAGE AVAILABILITY IN LATE NOVEMBER AND UTILIZATION
DURING 'THE WINTER GRAZING PERIOD
Range grasses
Western
wheatgrass

ltem

Japanese
brome

Shortgrass
mixturea

Total

Forage availability
Lb dry matterlacre

428

163

27

618

Lb dry matterlacre

67

1

2

71

% of available forage

16

1

8

12

Forage utilization

a Undifferentiated mixture of buffalograss and blue grama.

TABLE 4. CHEMICAL AND SPECIES COMPOSITION OF
ESOPHAGEAL SAMPLES~
Collection period
Late
November
Crude protein
Acid insoluble ash
Neutral detergent fiber
Acid detergent fiber

Western wheatgrass
Japanese brome
Other
a Percentage, organic matter basis.

28

Late
January

TABLE 5. FECAL OUTPUT AND INTAKE OF COWS GRAZING DORMANT
WINTER RANGE IN LATE NOVEMBER AND LATE JANUARY
-

-

Collection period
Late
November

Item

Late
January

33

No. of cows
Fecal organic matter output, Ib/day

SE

27

8.9

8.2

.4

18.3

14.5

.9

Organic matter intake, % of initial body weighta

1.6

1.3

.I

Digestible organic matter intake, lb/daya

9.5

6.4

.4

Organic matter intake, lb/daya

a Late November vs late January (Pc.01).

TABLE 6. EFFECT OF SUPPLEMENTATION ON FECAL OUTPUT AND
INTAKE OF COWS GRAZING DORMANT WINTER RANGE
Supplement
-

SBM

ltem

18

No. of cows
Fecal organic matter output, Ib/day

-

MET

SUL

CON

15

14

13

-

SE

8.1

8.4

8.8

9.0

.7

16.5

15.6

16.7

16.7

1.1

Organic matter intake, % of initial body weight

1.4

1.3

1.4

1.4

.1

Digestible organic matter intake, Iblday

8.6

7.3

8.1

7.7

.7

Organic matter intake, Ib/day

TABLE 7. EFFECT OF SUPPLEMENTATION ON DIGESTIBILITY
OF DORMANT WINTER RANGE^
-

Supplement
Item

SBM

MET

SUL

CON

SE

No. of cows/period

12

12

12

12

Late ~ o v e m b e r ~

54.8

50.1

49.4

49.1

.8

Late ~ a n u a r y ~ '

46.6

39.0

43.3

41.7

.8

Organic matter digestibility, %

a Supplement x grazing period (Pc.01).
SBM vs MET, SUL, CON (Pc.01).
MET vs SUL (Pc.01).

TABLE 8. EFFECT OF SUPPLEMENTATION ON PERFORMANCE OF
COWS GRAZING DORMANT WINTER RANGE
Supplement
SBM

MET

SUL

CON

42

43

43

43

1198

1195

1203

1198

Item
No, of cows

SE

Mid-November
Initial weight, Ib
Initial condition score. 1-9

5.8

5.8

5.9

5.8

15
.1

Mid-November to mid-February
Weight change, lbab
Condition score changeC
a MET vs SUL (Pc.01).

SBM vs MET, SLIL. CON (P<.01).
MET vs SUL (P=.08).

112
.3

86

108
.I

.3

102
.3

4.3
.1

ENVIRONMENTAL EFFECTS ON LIMIT-FED FEEDLOT
FINISHING DIETS
C. P. ~irkelo',D. sorenson2 and J. ~ o u n s b e r y ~
Department of Animal and Range Sciences

Summary
Ninety-six crossbred yearling steers were allotted
to either ad libitum or 93% of ad libitum intake
treatments in a 117-day winter finishing trial. Intake
restriction began once the 93% treatment group was
started on its finishing diet. Finishing diets were
formulated to result in similar absolute intakes of
nutrients and feed additives. Restricted treatment dry
matter intake was lower than ad libitum as intended
(Pc.05), but average daily gain was also less, 3.71 and
3.50 Ib per day (Pc.05) and resulted in similar
feedlgain, 6.01 and 6.07 (P>.82). These results are in
contrast to two previous trials conducted during
summer and mild winterlspring conditions and suggest
that cold stress may affect the response to limit-feeding
of feedlot finishing diets.
(Key Words:
Environment.)

Yearling

steers,

Limit-feeding,

Introduction
Ad libitum feed intake has generally been
thought to result in maximum feed efficiency because it
maximizes rate of gain and 'dilutes' feed necessary to
cover maintenance requirements. However, Oklahoma
and California research demonstrated that slight
restrictions (90 to 95% of ad libitum) may, in some
cases, improve feed efficiency without appreciably
decreasing rate of gain. Results from Minnesota, Iowa
and South Dakota were inconsistent or negative and
may have been due to an interaction between
environmental conditions and reduced heat increment.

Subsequent research in South Dakota demonstrated
that rate of gain can be maintained with a 7% restriction
in feed intake with yearling steers fed in summerlfall or
mild winterlspring conditions. However, because of the
mild conditions of the second trial, it was still unknown
if the response to limit-fed finishing diets would be
present in more typical (severe) winter feeding
conditions.
The objective of this study was to collect
additional data on limit-feeding of finishing diets to
yearling steers in winter. Results from the limit-feeding
studies conducted over the previous 2 years are also
summarized.
Materials and Methods
Ninety-six mixed crossbred, yearling steers were
selected from a larger group and assigned within
weight block to either ad libitum or restricted treatments
with four pens per treatment and 12 head per pen.
Feeding management of the steers was the same as in
two previous trials reported in 1990. Ad libitum cattle
had unlimited access to feed throughout the trial.
Finishing diet intake of the restricted steers was limited
to 93% of the previous 7-day average of the ad libitum
treatment within weight block. The finishing diets were
formulated such that absolute intakes of protein,
calcium, phosphorus, potassium, supplemental trace
minerals, vitamin A and feed additives (monensin and
tylosin) were the same across treatments (Table 1).
The cattle were vaccinated (IBR, BVD, BRSV,
Lepta, 7-way clostridial), treated with Ivermectin,

'~ssistantProfessor.
2~anager,Southeast South Dakota Experiment Farm, Beresford.
3~griculturalResearch Technician, Southeast South Dakota Experiment Farm, Beresford.

TABLE 1. STEP-UP AND FINISHING DIETS FED TO AD I-IBITUM AND RESTRICTED CAlTLE
Diet
Ingredient

1

2

3

4

5a

gb

73.8

80.8

80.0

7.5

8.0

8.0

4.0

4.0

%

Rolled corn

53.7

58.8

66.3

Oat hulls
Molasses

4.0

4.0

4.0

4.0

37.9

30.0

22.5

7.5

4.4

7.2

7.2

7.2

7.2

8.0

Dry matter, %

85.9

86.2

86.4

87.1

88.0

88.0

Crude protein, %

13.0

14.2

13.6

12.1

11.5

12.3

Maintenance

82.8

85.5

88.7

90.5

93.4

93.0

Gain

53.8

56.3

59.0

59.3

61.8

61.4

Alfatfa
Supplement
Analvsis {dw matter basis)

Net energy, Mcaltcwt

Calcium, %

-87

.91

.81

.61

.50

.54

Phosphorus, %

.55

-34

.35

.35

.35

.38

1.25

1.17

1.07

.89

.80

.86

Potassium, %
Vitamin A, IU/lb DM

3295

21 19

2119

2119

2119

2283

Monensin, g/T DM

12.4

30.5

30.5

30.5

30.5

32.9

Tylosin, g/T DM

11.2

7.6

7.6

7.6

7.6

8.2

a Ad libitum.

Restricted.

implanted with Synovex-S and ear tagged upon arrival
at the feedlot. They were weighed on and off test after
a 16-hour removal of feed and water.
Daily gains (ADG) were analyzed as a random
design using initial weight:height ratio as a covariate.
Feed dry matter intake (DMI) and feed efficiency (FIG)
were analyzed as a randomized block design. Weather
data were collected about 600 feet south of the feedlot
in an unprotected area. The feedlot pens were
protected by a shelter belt to the north and west and
each pen contained a windbreak. The pens were also
bedded with straw as needed.
Results
-and Discussion
Test dates and weather data for the previous
(Trials 1 and 2) and the most recent (Trial 3) studies
are presented in Table 2. Average temperature was
12" F lower in Trial 3 than 2 and was close to the
30-year average of 22" F for this part of the state. This
difference was somewhat less when expressed as wind
chill, but this must be evaluated with caution because
the weather instruments were unprotected, whereas the
cattle had access to windbreaks. The data do indicate
that the weather during Trial 3 was colder than during
Trial 2 and more typical of what can be expected for
the southeast portion of South Dakota.
Initial and final weights and days on feed in
Trial 3 were similar to those in Trials 1 and 2 (Table 2).
As with previous results, overall DM1 was lower for the
restricted treatment group (P<.05), averaging 95.8% of
ad libitum. Restricted treatment DM1 was higher than
93% because of ad libitum intake of the step-up rations.
However, unlike the previous trials, ADG was .21 Ib per
day lower for the restricted steers (P<.05). The
combined changes in DM1 and ADG resulted in virtually
identical FIG (P>.82). This is in contrast to consistent
trends of improved FIG (5.3% and 6.9%) due to
restriction in Trials 1 and 2 resutting from significantly

lower DM1 but unchanged ADG. No difference between
treatments in dressing percent was found in Trial 3
(P> .I
0). However, carcass weight and rib eye area
were greater for the ad libitum-fed steers (P<.05). They
were 763 Ib, 744 Ib, 13.12 in.2 and 12.40 in.2 for
ad libitum and restricted steers, respectively.
Although the trials could not be pooled for
statistical analysis, consistency in the results of Trials 1
and 2 suggest that the response to feeding level is not
affected by source of cattle. For this reason and since
all other management factors were similar among trials,
environmental differences seem the likely cause for the
different response in Trial 3. While the differences in
temperature and wind chill do not seem large between
Trials 2 and 3 compared to seasonal changes, it must
be acknowledged that temperature and wind are only
two factors that contribute to the total cooling power of
the environment. Other factors such as precipitation
and mud affect the insulation value of the hair coat and,
as a result, the temperature at which an animal will be
cold stressed (lower critical temperature, LCT). Data
describing these factors were not available.
Additionally, Iowa feedlot data have shown the greatest
correlation between yearling cattle performance and
temperature using degree-days below 19" F. It may
have been that conditions in Trials 2 and 3 were only
slightly above and below the LCTs for these cattle,
resutting in different responses across a small change
in temperatures. Degree-days below 19" F were 1665
and 1819 for Trials 2 and 3, respectively.
The results from Trials 1, 2 and 3 indicate that
yearling steer ADG can be maintained with a slight
restriction of high concentrate, finishing diet DM1 (93%),
but that cold stress may affect the response. As a
result, limit-feeding of finishing diets may be appropriate
in spring, summer and fall but not winter in
South Dakota. Since pair-feeding is not feasible in
commercial feedlots, additional work is necessary to
devise practical means of implementing limit-feeding.

TABLE 2. WEATHER AND PERFORMANCE DATA FOR YEARLING STEERS FED
DURING THREE LIMIT-FEEDING TRIALS
Trial 2

Trial 1
Item

Ad libitum

Restricted

Ad libitum

Trial 3

Restricted

Ad libitum

Restricted

Dates on test

7-13-89

1-11-90

11-8-90

Dates off test

11-8-89

5-8-90

3-5-91

Avg temperature, F

62

37

25

Avg wind speed, mph

6.8

8.5

6.5

--

13

7

Avg wind chill, F
No. steers

36

36

36

36

48

47

Days on feed

118

118

117

117

117

117

Initial wt. Ib

823

817

851

851

808

805

Final wt, Ib

1259

1247

1219

1225

1242

1215

Daily gain, Ib
Dry matter intake, Ib

3.70
22.23

a Significant within trial (Pc.001).

Significant within trial (Pc.05).

3.64
20.73~

3.14

3.20

3.71

21.92

20.81a

22.26

3.50~
21.33b

EFFECT OF INOCULAMS ON HIGH MOISTURE CORN FERMENTATION
CHARACTERISTICS AND C A l l L E PERFORMANCE
C. P. ~irkelo'and D. sorenson2
Department of Animal and Range Sciences

High moisture corn was ensiled untreated
(treatment 1) or treated with one of three different
inoculants (treatment 2 = lactobacillus; treatment 3 =
lactobacillus + streptococcus; treatment4 =
lactobacillus
serratia), each at two moisture levels
(27.2% and 22.4%). lnoculant effects on fermentation
were moisture dependent.
The pH, acetate
concentrations and dry matter losses were generally
lower and lactate concentrations higher due to
inoculation at 27.2% moisture. Overall, treatment 3 was
somewhat more effective than treatments 2 or 4.
Inoculation effects were generally less at 22.4%
moisture. lnoculant effects on soluble N were small and
probably of little nutritional importance. Aerobic stability
was decreased by inoculation and lower moisture.
Inoculation did not positively affect daily gain, feed:gain,
feed intake or carcass characteristics.

+

(Key Words:
Cattle.)

Corn, Grain, Inoculant, Fermentation,

Introduction
Much of the feed consumed by cattle in this
country is ensiled. The fermentation process that
occurs during ensiling produces large quantities of acid,
particularly lactic acid, which in turn preserves the
ensiled feed as long as oxygen is excluded. Some loss
of nutrients during fermentation is unavoidable.
However, losses are reduced in conditions where
fermentation rates are increased and greater levels of
lactic acid are produced. One successful approach to

improving fermentation characteristics has been to
inoculate feeds at the time of ensiling with
microorganisms which promote lactic acid production.
Most of the research evaluating inoculants has involved
whole plant corn, sorghum and atfatfa silages. L i l e
information is available on their effects on ensiled, high
moisture corn grain. Effectiveness of inoculants with
high moisture corn grain may be different due to form
and availabilrty of the fermentation substrate.
The objective of this study was to determine the
effects of three microbial inoculants, lactobacillus3,
lactobacillus + streptococcus4 and lactobacillus
serratia4,on fermentation characteristics of ensiled, high
moisture corn grain and the subsequent performance
of yearling cattle finished on the treated corn.

+

Materials and Methods
Approximately 200 ton of high moisture corn
were purchased locally and delivered during a 2day
period during harvest to the Southeast South Dakota
Research Farm. The corn was coarsely cracked and
ensiled in plastic silage bags at an average of 25 tons
per bag. Four treatments were applied at the time of
ensiling:
treatment 1) control
(no inoculant);
treatment 2) lactobacillus; treatment 3) lactobacillus
streptococcus; treatment 4) lactobacillus
serratia.
One bag of each treatment was ensiled each day and
treatments were applied in liquid solution by way of a
spray nozzle mounted on the discharge of the grinder
and supplied at least 10' organisms per gram of corn.
Moisture content of the corn was 27.2% on the first day
but only 22.4% on the second.

'~ssistantProfessor.
' ~ a n a ~ e rSoutheast
,
South Dakota Experiment Farm, Beresford.
3~cosyl@
contains lactobacillus plantarum, ICI Americas Inc.
4~xperimentalinoculant of ICI Americas Inc.
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Fermentation characteristics were determined on
the unensiled high moisture corn as well as ensiled
core samples taken at 1, 2, 7, 21 and 56 days
postensiling. Composite samples were also taken
during feedout from each bag and analyzed
(>286 days postensiling).
The corn samples were analyzed for pH, acetic
and lactic acids by gas-liquid chromatography and
Burroughs buffer-soluble N. Acetic and lactic acid
concentrations are expressed as a percent of dry
matter as determined by Karl Fisher procedure
(methanol extraction) in an effort to take into account
differences in volatile compound content.
lnoculant effects on dry matter loss were
determined by weighing 2.2 Ib of high moisture corn
after treatment into nylon bags which were tied closed
and inserted into the middle of the plastic silage bags
during filling. The nylon bags were recovered during
feedout and the contents removed and weighed. Dry
matter content of the corn before and after ensiling was
determined by Karl Fisher procedure.

During feedout, triplicate 11-lb samples were
taken from each bag to determine aerobic stabilrty. In
order to ensure that no prior deterioration had
occurred, samples were taken approximately 2 feet
behind the surface of the ensiled corn. These samples
were placed in 5-gallon insulated buckets and a
thermocouple was imbedded in the center of each
sample. The thermocouples were attached to a
multipoint recorder and temperatures were recorded
hourly for 260 hours.
One hundred forty-four crossbred yearling steers
were randomly allotted to treatment within weight block
resulting in nine steers per pen and four pens per
treatment. Initial and final weights were taken after an
overnight removal of feed and water. Interim weights
were taken approximately every 28 days after overnight
removal of water only. The cattle were gradually
adapted to a 90% concentrate diet over a period of
16 days. The diets are shown in Table 1. Treated corn
containing 27.2% moisture was fed for the first 55 days
on test. Treated corn containing 22.4% moisture was
fed for the remainder of the study. Carcass data were
collected 24 hours after slaughter.

TABLE 1. FEEDLOT DIET COMPOSITION (DRY MAlTER BASIS)
Ingredient
High moisture corn
Rolled corn
Alfalfa hay
Molasses
Supplement
Analysis
Dry matter, %
Crude protein, %
Net energy, Mcallcwt
Maintenance
Gain
Calcium, %
Phosphorus, %
Potassium, %
Vitamin A, IU/lb DM
Monensin, g/T DM

1

2

3

4.0

3.0

2.0

2.0

2.0

4.4

2.5

2.5

2.5

2.5

12.4

26.4

26.4

26.4

26.4

4

5

Fermentation data, aerobic stability and dry
matter recovery were analyzed as a factorial with
treatments, moisture content and time (for time series
samples) as main effects. Dry matter intake, feed
efficiency and carcass data were analyzed by the same
procedures as a randomized block design. Average
daily gain was analyzed as a complete random design
using initial weight:height ratio as a covariate. When
F tests were significant, means were separated by
Duncan's multiple range test.
'

Results and Discussion
Fermentation characteristics were affected
substantially by inoculation and moisture content as
evidenced by the differences in pH, and acetate and
lactate concentrations. Higher moisture resulted in
lower pH (PC.01) and also affected the response to
inoculation (Figure 1). Treatment 4 (27.2%) lagged
behind and did not achieve a significant decrease in pH
until 7 days postensiling and did not match the levels
of treatments 2 and 3 until 21 days. There were no
differences between inoculated treatments at 56 days
when ensiled at 27.2% moisture but all were lower than
treatment 1 (PC.01). In contrast, pH did not change
through 56 days for control corn ensiled at 22.4%
Inoculation of the drier corn
moisture (P>.10).
decreased pH for treatments 3 and 4 by 21 days and

-
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I
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for treatment 2 by 56 days post-ensiling (Pe.01).
Treatment 4 resulted in the lowest pH at 56 days. The
pH of the composite samples (>286 days) were higher
(Pe.01) than those at 56 days and varied little by
treatment for the higher moisture corn. The pH was
lower in most cases with higher moisture corn.
Composite values reflect changes that occurred both
during ensiling after 56 days and from exposure to air
during feedout.
The changes in pH suggest a general
improvement in fermentation due to inoculation. This is
supported by changes in acetate and lactate
concentrations as well; however, these were also
moisture dependent.
Acetate concentrations for
treatments 3 and 4 at 27.2% moisture were lower than
control from 7 days through 56 days postensiling
(Pe.01). Acetates at 56 days were .08, .07, .05 and
.05% for treatments ithrough 4, respectively. At lower
corn moisture content (22.4%), fermentation was
apparently restricted to the extent that acetate levels did
not change over time or by treatment through 56 days
(P>.10) with the exception of treatment 4. Acetate
concentrations of composite samples were generally
higher than at 56 days (Pe.01).
Lactate concentrations were inversely related to
acetate concentrations and pH. Lactate increased wer
time (Pe.01) and tended to increase more rapidly for
inoculated corn (27.2% moisture) than control. This
was most pronounced for treatments 2 and 3.
Treatment 4 (27.2% moisture) lagged behind other
treatments and did not achieve significant increases in
lactate until 21 days postensiling (Pe.01). Lactate
concentration at 56 days was higher for treatment 3
than control (27.2% moisture), .92 and .62%. Lactate
concentrations did not change with time or treatment at
22.4% moisture through 56 days (P>.10). Lactate
increased significantly (Pe.01) for the composite
samples (>286 days) compared to 56 days, from .80 to
1.94% and .06to .80% for 27.2% and 22.4% moisture,
respectively.
This increase indicates substantial
fermentation even after 56 days ensiling.

68

Time, Days

Figure 1. Effect of inoculant treatment on
pH changes over time.

Changes in Burroughs buffer soluble N as a
percent of total N occurred due to treatment but were
also moisture dependent. Soluble N increased wer
time at 27.2% moisture (Pe.01) and was significantly
higher for treatment 3 compared to control at 56 days,

32.74% 'and 24.68%. No differences were found by
treatment or time at 22.4% moisture (P>.10) but overall
were lower than soluble N levels at 27.2% (P<.01).
Dry matter (DM) losses are presented in Table 2.
In all cases, DM losses were low, especially with 22.4%
moisture corn, leaving little room for improvement.
Nonetheless, they were reduced by over 2 percentage
points by treatments 3 and 4 (P<.05) with 27.2%
moisture corn. Lower moisture also resulted in smaller
DM losses (P< .05). However, there were no differences
among treatments with 22.4% moisture corn (P>.10).
TABLE 2. DRY MAlTER LOSS OF
UNINOCULATED AND INOCULATED
HIGH MOISTURE CORN
(% OF INITIAL DRY MAlTER
ENSILED IN NYLON BAGS)
Corn
moisture
27.2%

Treatment

Dry matter
loss, %

1

4.41 a

2

3.1 aab

3

2.06~'~

4

2.40~'

1

.41

2

.2ad

3

1.I 5Cd

4

.mCd

a 1 b 9 c 8 -05.
d~<
Treatment x moisture interaction (Pc.10).
SEM = .508.
Aerobic stability was characterized as degree x
hours above air temperature as well as time until a
sustained rise in temperature was achieved (Table 3).
Onset of heating was substantially delayed only for
treatment 1 with 27.2% moisture corn (P<.05). Extent
of heating was inversely related to onset and was
lowest for treatment 1 with 27.2% moisture corn
(Pc.05). Treatments 2 and 4 were intermediate while
treatment 3 was highest (27.2% moisture).
All
treatments heated extensively with lower moisture.
Crossbred yearling steers were fed test diets
differing only in high moisture corn treatment to
determine effects on feedlot performance. The data are

presented in Table 4. Final weights were lower for the
steers fed treatment 4 (P< .lo) compared to the others.
This was due primarily to the lower average daily gain
(ADG) of treatment 4 during the first 28 days (P<.10).
No significant differences were found between
treatments (P<.10) from day 1 through 55, the time in
which 27.2% moisture corn was fed. Treatment 2 steers
gained more rapidly during the final 29 days (P<.OS)
when 22.4% moisture corn was fed. For the entire
study, steers fed treatment 4 had lower ADG than those
fed the other treatments (P<.10).
Although ADG is in large part a reflection of feed
consumption, daily feed dry matter intake (DMI) differed
only during the first 28 days but not in a way that was
directly related to gain. Treatment 3 had lower DM1
(P<.05) than treatments 1, 2 or 4. As a result of
differences in gain and intake, feed:gain ratio (F:G) was
significantly poorer for treatment 4 (P< .lo) for the first
55 days on test. During period 3, F:G was better for
treatment 2 than treatments 1 and 4 (P<.lO). For the
entire study, treatment 4 had the poorest F:G (P-c.10).
Carcass data were collected approximately 24 h
after slaughter and are presented in Table 5. There
were no differences between treatment groups with
respect to carcass weight, fat thickness, rib eye area,
kidney fat, quality or yield grade (P>.10). Dressing
percent was significantly lower (P-c.05) for treatment 3
than treatments 1 and 4.
Differences in pH, acetate and lactate
concentrations between treatments indicate that
inoculation generally improved fermentation
characteristics (i.e., lower pH and acetate, higher
lactate) in spite of the acceptable ensiling achieved with
the uninoculated corn. The magnitude of the response
was moisture dependent, however. The moisture
content of the corn ensiled on the first day was 27.2%
providing ideal conditions for ensiling. Moisture content
was only 22.4% on the second day. This was outside
the generally recommended range of 25 to 30% and
fermentation was apparently restricted. Rate and extent
of fermentation were increased markedly through days
56 due to inoculation at the high moisture level, but the
response was greatly reduced with lower moisture. The
pH and acetate and lactate concentrations were related
to dry matter loss (r = .66, .89 and -.64at 56 days,
respectively). Overall, treatment 3 (lactobacillus +

streptococcus) appears to have had a somewhat
greater effect than the other inoculants since it resulted
in more rapid fermentation than 4 and a significant
decrease in DM loss not achieved by 2.
Changes in fermentation are likely to affect
animal performance through DMI. Aerobic stability
(degree x hours) was most closely related to DM1 (r =
-.66) but only during the first 28 days. This was likely
due to the low feedout rates while the grain intake of
the steers was being increased. Aerobic stability had
a negative correlation to DM loss (r = -.55 across
moisture levels, r = -.80 within 27.2% moisture) which
points to a potential problem in trying to reduce DM
losses while also improving storage characteristics and
bunk life.
Although soluble N .percent was affected by
treatment and moisture, these differences were relatively
small and probably not of nutritional importance for the
steers fed in this study. The requirements for rumen
undegradable protein for feedlot cattle are not well
defined but are probably less than 50 to 60% of the
total dietary protein.
Even with the greatest
degradability assumed from the soluble N data, these
diets would still have likely provided adequate levels of
undegradable protein.
Unintended variability in moisture content of the
ensiled corn presented difficulties for the cattle feeding
study that could not be dealt with through statistical
analysis.
Factorializing the analyses as with the
fermentation data would have required additional pens
not available and lower feedout rates with fewer cattle
per treatment, It was decided instead to feed the

27.2% moisture corn during the first 55 days and feed
the 22.4% moisture corn for the remainder of the trial.
This allowed treatments to be compared within moisture
level by period and also for the entire study by ignoring
moisture differences. While the latter approach is not
ideal, it is nonetheless a frequent occurrence in
commercial cattle feeding.
In general, inoculation had little effect on
performance of the steers during the first 55 days or
over the entire trial. The only noteworthy exceptions
were associated with treatment 4 and its lower ADG
and poorer F:G. No explanation for this is obvious from
the data and does not seem to be consistent across
periods. It may perhaps be related to the slower
fermentation rate for treatment 4 compared to
treatments 1, 2 or 3 (27.2% moisture), but this is only
speculation. Carcass characteristics were also not
affected by treatment with the exception of dressing
percent for treatment 3. This difference occurred in
spite of the fact that degree of finish (fat thickness, KPH
%, yield and quality grades) was similar among
treatments. Other factors such as differences in gut fill
and mud are unlikely but can not be ruled out.
In conclusion, the inoculants used in this study
did positively affect fermentation and reduced dry
matter loss during ensiling when moisture levels were
adequate. Treatment 3 (lactobacillus + streptococcus)
showed somewhat greater effect than the other
treatments.
Improvements in fermentation were
negatively correlated with aerobic stability and this may
present an obstacle to improving both simultaneously.
The changes in fermentation were not generally related
to differences in feedlot performance.

TABLE 3. AEROBIC STABILITY OF UNlNOCLlLATED AND INOCULATED
HIGH MOISTURE CORN

Corn
moisture

Treatment

Degree x hours above
air temperaturea

Time to first significant temperature
rise, hoursb

a Cumulative degree x hours above air temperature determined over 260 hours. Treatment x
moisture interaction significant (P< .01). SEM = 41 0.36.
Determined as the point in time at which corn temperature increased and remained 29" F
above air temperature. Standard deviation of air temperature = 4.4" F. Treatment x moisture
interaction significant (P<.01). SEM = 22.36.
P<.05.

TABLE 4. PERFORMANCE OF STEERS FED UNINOCULATED OR INOCULATED
HIGH MOISTURE CORN^
Treatment

Initial weight, Ib
Final weight, Ib

848
111

845
6

~

852

~112od

111

7

~

846

3.6

~ 1097~

7.3

Average daily gain, Ib
1 to 28 days

2.77d

2.68de

2.Wde

2.3Ie

129

29 to 55 days

4.77

4.50

4.69

4.57

140

56 to 84 days

2.12'

2.70~

2.32'

2.15'

.I16

1 to 55 days
1 to 84 days
Dry matter intake, Ib
1 to 28 days

17.1'

16.9'

16.6b

17.0'

.12

29 to 55 days

21.7

21.8

20.9

22.4

.50

56 to 84 days

21.3

21.3

21.3

21.4

.22

1 to 55 days

19.4

19.3

18.7

19.6

.29

1 to 84 days

20.0

20.0

19.6

20.3

.27

1 to 28 days

6.27

6.35

6.41

7.30

,485

29 to 55 days

4.59

4.85

4.49

4.93

142

56 to 84 days

10.14b

7.88'

9.24bC

10.04~

510

1 to 55 days

5.18~

5.41de

5.15~

5.73d

1 56

1 to 84 days

7.06~~

6.40~

6.77de

7.4gd

,278

a Diets during the first 55 days on test contained 27.2% moisture corn. 22.4% moisture corn
was used from 56 to 84 days.
blc P<.05.
P< . 0 l .

TABLE 5. CARCASS DATA FOR STEERS FED UNINOCULATED AND INOCULATED
HIGH MOISTURE CORN
Treatment
item
Carcass weight, Ib

1

2

3

4

703

701

698

695

Dressing percent

63.1a

Fat thickness, in.

.56

Rib eye area, in2
KPH fat, %

Quality gradeC
Yield grade

62.7ab

SEM
5.1

62.4b

63.4a

.52

.59

.54

.022

12.62

12.61

12.36

12.12

.I20

2.2

2.3

2.2

2.3

.06

10.22

10.20

10.56

10.56

,211

2.96

2.89

3.10

3.08

102

P<.05.
10 = high select; 11 = low choice.

.23

EFFECTS OF LEVEL OF CONCEKlRATE AND FORAGE AVAILABILIPI'
ON ME PERFORMANCE OF BEEF COWS GRAZING WINTER RANGE'
M. C. ~ a m m i n ~ R.
a ~J., pruitt3, C. A. ~ u s l e ?and P.S. ~ o h n s o n ~
Department of Animal and Range Sciences

Summary
A winter grazing study was conducted using
120 pregnant Simmental x Angus cows to determine
the effect of level of concentrate supplement and
amount of available forage on cow performance.
Concentrate supplements were fed at a high, medium
and low level which included corn, corn-soybean meal
and soybean meal, respectively, and were formulated to
provide .7 Ib of crude protein per cow daily. Two winter
pastures with distinctly different amounts of available
forage were used in the trial. The amount of available
forage had a greater effect on body weight and
condition score change than did level of concentrate
supplement fed. Cows receiving higher levels of
supplement actually gained less weight. The interaction
between level of supplement and amount of available
forage showed that high levels of concentrate
supplement may be more detrimental when amount of
available forage is limiting.
(Key Words: Cow, Winter Grazing, Supplementation,
Native Range.)
Introduction
Typically, protein is considered the most limiting
nutrient in low quality forages such as native winter
range.
Research has shown that protein
supplementation will decrease winter weight and
condition score losses by improving intake and
digestibility of mature, low protein forages. Recent
research also suggests that supplements with high

levels of starch may be detrimental to cow performance.
It has been thought by some that the advantage of
feeding higher levels of concentrate supplement may
depend on the amount of forage available to be grazed.
The objectives of this study are to determine how the
level of concentrate supplement and forage availability
affect cow performance.
Materials and Methods
In the first year of a three year study,
120 pregnant Simmental-Anguscrossbred cows grazing
native winter range during December and January at
the SDSU Range and Livestock Research Station near
Cottonwood were fed one of three concentrate
supplements and grazed on a pasture of either high or
low forage availability. Concentrate supplements were
corn (high), soybean meal and corn (medium) and
soybean meal (low) which each provided .7 Ib of crude
protein per day (Table 1). Supplements were fed in
pelleted form and were balanced to exceed NRC
requirements for calcium, phosphorus and potassium
(Table 2).
'The two pastures used in the study were
composed predominantly of western wheatgrass
(Table 3). The low available forage pasture (270 acres)
was grazed for 4005 animal unit days prior to the trial
to create a difference in qualrty and quantity of available
forage. The high available forage pasture (351 acres)
had not been grazed since the previous April. Available
forage was estimated on 50 .25 m2 plots per pasture
using stratified random sampling, with all major range

h hanks expressed to Terry Foppe, AAFAB Composition Analysis Laboratory Inc., 1318 Duff Drive, Fort Collins,
CO, 80524, for species composition analysis of esophageal samples,
2~raduateResearch Assistant.
'~ssociate Professor.
4~ssistantProfessor.

Soybean meal

Low

Medium

87.43

14.55

Corn

High

73.57

87.90

Dicalcium phosphate

5.23

1.23

.25

Potassium chloride

6.81

3.07

2.17

.52

5.97

7.77

1.84

1.91

Molasses
Bentonite

a Percentage on a dry matter basis.

TABLE 2. COMPOSITION OF DAILY
SUPPLEMENTAL INTAKE PER COW
Low

Medium

High

1.91

4.88

7.85

Crude protein, Ib

.70

.70

.70

Metabolizable
energy, Mcala

2.31

6.70

10.92

Dry matter, Ib

Calcium, Ib

.030

.022

.014

Phosphorus, Ib

.029

.027

,027

Potassium, Ib

1 01

.I24

156

a Calculated from NRC feed tables.

sites sampled in each pasture. Estimates of plant
height, number of reference units and cover were made
for individual plant species in each plot. An additional
15 .25 m2 plots were also estimated and then hand
clipped, sorted by species, oven dried (60"C) and
weighed in order to calibrate the weight estimates made
on the other plots.
The 120 Simmental x Angus cows were allotted
by age and weight into six treatment groups of 20 head
each. Cows were gathered every morning, sorted into
treatment groups and bunk fed their respective diets.
At the beginning and end of the trial, cows were
weighed in the morning on two consecutive days after
removal from feed and water overnight. Condition
scores (1 to 9,1 = extremely emaciated) were assigned
by two trained technicians at the beginning and end of
the trial. The cows on trial were bred to either Angus
or Simmental bulls and had mean calving dates of
February 27 and March 26 for first calf heifers and
mature cows, respectively.
In early January, forage samples were collected
with four esophageally fistulated steers that grazed with
the cows. All four steers were grazed together on each
pasture for two consecutive days. Steers were allowed
to graze with screened collection bags for 25 minutes
after morning supplementation was completed. Extrusa
samples were frozen, lyophilized and ground for later
analysis. Ground samples were microhistologically
analyzed for forage composition and analyzed for
chemical composition. Hand clipped samples similar to
cow diets were also taken at this time.

Low

Forage available
High

December 1
Western wheatgrass
Japanese brome
Other grassesb
Total
February 1
Western wheatgrass
Japanese brome
Other grasses
Total
230.9
482.3
Expressed in Ib per acre.
Undifferentiated mixture of buffalograss, blue grama and sideoats
grama.
-

'

This study was set up in a 3 x 2 factorial
arrangement in which data were analyzed by the GLM
procedure of SAS with treatment means separated by
the PDlFF option. Dependent variables included initial,
final and change in cow weight as well as initial, final
and change in condition score, Independent variables
included supplement treatment, pasture, supplement
treatment x pasture, cow age and cow breed of sire.
Results and Discussion
-The results of forage estimation taken at the
beginning and end of the trial show definite differences

in the amounts of forage available in the high and low
available forage pastures (Table 3).
Western
wheatgrass was the predominant species of grass
consumed with Japanese brome, buffalograss, blue
grama and sideoats grama being consumed in minor
amounts (Table 4). Cattle grazing the pasture with
more forage available selected forage that was higher
(P=.001) in crude protein and lower in acid detergent
fiber (P=.002) and lignin (P=.07; Table 4). Clipped
samples also indicate that higher quality forage was
consumed by cattle grazing the pasture with more
forage available (Table 4).

TABLE 4. COMPOSITION OF FORAGE SAMPLES COLLECTED IN EARLY JANUARY
Forage available
Low

High

Esophageal samples, % species compositon by weighta
Western wheatgrass
Japanese brome
Other grasses
Esophageal samples, % organic matter basisab
Crude protein
Acid detergent fiber
Neutral detergent fiber
Acid detergent lignin
Clipped samples, % organic matter basis
Crude protein
Acid detergent fiber
Neutral detergent fiber
Acid detergent lignin
Clipped samples, % dry matter basis
Calcium
Phosphorus

.07

-10

Potassium

.19

.22

5.42

5.69

Ash

a Least squares means followed by standard errors.
Uncorrected for salivary contamination.
Means within rows with uncommon superscripts differ (P<.05).
Means within rows with uncommon superscripts differ (P=.07).

'ld

The amount of available forage had a greater
effect on cow performance than level of concentrate
supplement (Table 5). Cows grazing the high available
forage pasture gained 51.5 more pounds (P<.001) than
cows grazing the low forage pasture. This difference in
weight gain was due to cows on the high forage
pasture being able to select a higher quality diet than
cows on the low forage pasture (Table 4).
Cows receiving higher levels of supplement
actually gained less weight (P<.001) and lost more
condition score (P<.01; Table 5). In other words, cows
lost more weight as the amount of corn per day in the
concentrate supplement increased. Similar research
conducted at the Gudmundsen Sandhills Laboratory
near Whitman, Nebraska, found that cows grazing
native winter range exhibited greater weight loss when
additional energy was supplemented in the form of ear
corn as compared to a protein supplement alone. The
Nebraska results along with results from several other
research projects indicate that increasing levels of
starch in the diet cause negative effects on digestibility
and intake of mature forage. Thus, increasing the
amount of concentrate supplement may not result in
increased weight gains for cows grazing mature, low
protein forage once their protein requirement has been
met. Instead, high levels of a supplement high in
starch, such as corn, may have detrimental effects on
cow performance.

The interaction between amount of forage and
level of concentrate for weight change (P=.10) and
condition score change (P=.07) shows that increasing
the level of concentrate was more detrimental to cow
performance on the low forage pasture (Table 6). Cows
grazing the high available forage pasture had similar
weight gains when supplemented with low or medium
levels of concentrate supplement while cows receiving
the high concentrate supplement gained less (P=.02)
weight. Cows grazing the low available forage pasture
gained less weight as level of concentrate increased.
Numerous research trials have demonstrated
that providing a small amount of an all natural protein
supplement to cows consuming mature, low protein
forages will increase forage digestibilrty and forage
consumption. The results from the first year of this
study -indicate that providing additional energy in the
form of a high starch supplement, like corn, will not
improve cow weight change but may in fact cause
detrimental effects. In some cases, it has been thought
that, when the amount of forage available to be grazed
is limited, feeding a higher amount of a concentrate
supplement is beneficial. But in this study, even when
the amount of forage available to be grazed was lower,
increasing the amount of supplement caused cows to
gain less weight and lose more body condition. Due to
year-to-year variations in pasture conditions, this trial
will be repeated two more years.

No. cows
Initial weight, Ib

Low

Level of supplement
Medium

High

Low

High

40

40

40

60

60

+-

1089

lnitial condition
score, 1-9

5.5

Weight change, Ib

f

57.2b

.ob

Condition score change

15.4

1089

.ll

f 5.0
f

f 15.8

5.6

f

46.0'

+-

.ob

.09

Available forage

1084

.I1

5.6
27.5d

5.1

+

-.3'

.09

f 15.7

2

1094

.ll

5.6

f 5.1

+-

f 13.5

+

-.2b

+-

.09

.lo

f

17.8~

1080

f 14.5

5.6

4.4

69.4'

++-

.10
4.7

+

.08

.08

.IC

a Least squares means followed by standard errors.
b1c9dMeans within main effect with uncommon superscripts differ (Pc.05).

TABLE 6. COW PERFORMANCE FOR THE INTERACTION OF SUPPLEMENT TREATMENT AND FORAGE AVAILABILITY
Forage available
Level of supplement
No. cows
Initial weight, Ib
lnitial condition
score, 1-9
Weight change, Ib
Condition score change

1095

Low

Low
Medium

High

20

20

20

+19.1

1098

+- 20.3

5.5

f

.14

5.7

f

.15

38.4d

+

6.18

15.8'

+

6.55

-.2bc f

.12

.oCd +
-

.ll

1089

a Least squares means followed by standard errors.
blcldle*f Means in a row with uncommon superscripts differ (P<.05).

5.6

f 19.8

f

.14

-l.lb
f 6.38
-.5 b f

.I
1

Low

High
Medium

High

20

20

20

1082
5.6
75.gf

.ocd

f 20.8

+

.I5

f 6.72
f

.12

1080
5.4
76.zf

f 20.0
f

.14

f 6.47

.2d f

.12

1078
5.7
55.ge

+- 20.4

+

.15

f 6.58

-.lcd
f 9.12

EFFECTS OF ENERGY RESTRICTION AND REALIMENTATION ON THE
DEVELOPMENT OF CARCASS TRAITS OF YEARUNG HEIFERS
C. L. ~lderson',R. H. pritchard2 and D. L. ~
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CATTLE 91-12

Summary
Feedlot performance and carcass development
were compared between heifers fed a low energy diet
for an 88-day backgrounding period before receiving a
high energy diet (LE) and heifers receiving a high
energy diet throughout the trial (HE). The LE heifers
were delayed in carcass and muscle growth (Pc.10)
when compared to HE heifers on day 89. At an
1100 1b weight constant, LE and HE carcasses had
similar dissected muscle weights, rib fat measurements
and marbling scores. Carcass dressing percentage
was only affected by time (Pc.10) on an energy dense
diet at 1030 Ib. During the initial 88-day background
perlod, I-iE heifers had higher ADG (Pc.001) and lower
feedlgain
requirements
(Pc.001).
During
realimentation, compensatory growth was exhibited
through increased ADG (PC.lo) and improved
feedlgain (Pc.05) for LE heifers. From day 0 until
slaughter, the cumulative ADG for HE beifers was
greater (Pc.05) and the cumulative feed conversion
was lower for HE heifers (Pc.10).
(Key Words: Backgrounding, Compensatory Growth,
Feedlot, Carcass Traits, Yearling Heifers.)
Introduction
Backgrounding is a management practice
frequently used by the cattle industry. During the
subseqi.rent period of realimentation, improved feed
efficiency and ADG occur. This compensatory growth
is apparent when compared to contemporaries of

similar weight classes that have not been
backgrounded. 'The improved performance can occur
during the later period of growth when feed efficiency
and gains are typically declining. The increased
efficiency has, in part, been attributed to a deferment of
body fat deposition until body weights are heavier.
This study was designed to characterize the
effects of energy restriction and realimentation on
feedlot performance and carcass characteristics
compared to an ad libitum feeding finishing diet
regimen. This research is part of a larger study that will
characterize effects of energy restriction and
realimentation on carcass composition and growth
mechanisms of skeletal muscle.
Materials and Methods
The 58 Limousin x Angus heifers (608 Ib) used
in this study were selected from a group of 69 heifer
calves. 'The calves were shipped to Brookings at the
end of October on the day of weaning. They were
vaccinated for IBR, BVD, PIg, BRSV, 7-way clostridia
s ~ 24 hours of feedlot arrival.
and ~ a e m o ~ h i l uwithin
lvermectin5 was used for parasite control. The heifers
were fed to maintain body weight Fable 1) for 37 days
before being put on test in early December.
Twenty-eight heifers were selected for uniformity of
weight and type and allotted to pens of four in Block 1.
'The seven pens of heifers in Block 1 were designated
to be serially slaughtered for comparisons of carcass
and muscle characteristics. One of these pens was
designated as an initial slaughter group for analyses

'Graduate Research Assistant.
2~ssociateProfessor.
3~xtensionBeef Specialist, Associate Professor.
4~eechamLaboratories, Division of Beecham Inc., Bristol, TN, 37620.
5
~
~ Division
~ of Merck
h
and
~ Co.,
~ Inc., ~Rahway,
~ NJ, ,07065.
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Diet
Ingredient

Low
energybC

Hay
Wheat straw

15.00

Corn silage

74.94

High
energyb

Mainteb
nance

10.00

50.00

61.8

45.4

Ground corn cobs
Whole shelled corn
Soybean meal, 44%
Molasses
Trace mineralized salt
Calcium carbonate
Dicalcium phosphate
Potassium chloride
Nutrient Composition
Crude protein, %
Calcium, %
Phosphorus, %
Potassium, %
NE,

Mcallcwt

NE,

Mcallcwt

38.5

a Percentage of dry matter unless otherwise stated.

Provides 30 g n Lasalocid and 1000 IUIlb supplemental vitamin A.
Provides 30 g n Lasalocid days 1 to 36 and 25 g n of monensin days 37 to 88.
not included in this report. An additional 30 heifers
were allotted to pens of five in Block 2 for comparisons
of feedlot performance. Three pens in each block were
assigned to a low energy diet or a high energy diet.
Feed delivery remained constant while individual
weights were taken the first 2 days of the trial to
determine initial weight. On day 89, two pens of heifers
fed the low energy diet were stepped up to the high
energy diet. Individual live body weighs were recorded
every 28 days and 1 day before a scheduled slaughter.
All heifers in Block 2 were continued on experiment until
all pens from Block 1 were slaughtered. Feed deliveries
were recorded daily and sampled weekly to determine
DMI.
One pen from each diet treatment in Block 1 was
slaughtered on day 89. The remaining two pens in

Block 1 were slaughtered when pen average body
weights approached 1030 or 1100 Ib to allow age or
weight constant slaughter points (Figure 1). The
supraspinatus and the semitendinosus (eye of the
round) muscles were dissected from the hot carcass.
Hot carcass weights were recorded with the muscle
dissection weights added back to the respective
carcass weight. The muscle dissections were chilled for
24 hours, trimmed of fat and weighed. Rib eye area,
rib fat and marbling score were determined after a
48-hour chill.
Carcass data from Block 1 were tested by
procedures appropriate for a completely random design
with the carcass representing the experimental unit.
Data were analyzed on a weight constant (1030 vs
1100 Ib) or a time constant (89 vs 186 days) basis.

Figure 1. AGE AND WEIGHT AT SLAUGHTER DATES

I

0

I

88

I

158

I

186

I

207

Days

Analysis of variance was accomplished using the GLM
procedure and CONTRAST option of SAS.
Comparisons were made on a time or weight constant
basis by orthogonal contrast,
Feedlot performance data from pens in Block 2
were analyzed by procedures appropriate for a
completely random design with pen representing the
experimental unit.
Analysis of variance was
accomplished using the GLM procedure of SAS.
Results and Discussion
-Low energy heifers slaughtered on day 89 were
lighter and produced lighter carcasses than HE heifers
(Pc.QO1, Table 2). The dissected muscle weight was
hghter for the supraspinatus (Pc.05) and
semitendinosus (PC .I
0) muscles for the LE carcasses.
Backgrounding the heifers did not limit muscle growth
potential or promote it once realimentation occurred.
When dissected muscle weights were compared at the
1100-lb weight constant, the supraspinatus and the
semitendinosus muscle weights were similar between
LE and HE treatments (Table 3). Compensatory growth
was apparently completed prior to 1100 Ib, since
growth from 1030 to 1100 Ib did not result in increased
muscle weight. In fact, a decrease in muscle size was

observed. This may have been due to heifers in the
slaughter groups differing in muscularity independent of
treatment effects. At weight constant end points, rib fat
and marbling score were similar for LE and HE.
Rib fat and marbling score increased (P<.001)
from day 89 to day 186. After the backgrounding
period on day 89, the LE carcasses had lower marbling
scores (P<.05). This also occurred at day 186 where
LE heifers again produced less marbling (P<.10),
although rib fat at this point was similar (P>.10). This
is supported by other experiments which have shown
that age and days on feed with an energy dense diet
have a greater impact on marbling score than the
amount of external fat. Carcass dressing percentage
was affected only by diet at the 1030-lb weight constant
comparison (P < .I
0).
The 30 heifers in Block 2 were used in the
analysis of feedlot performance. The LE heifers
exhibited compensatory growth by exhibiting higher
ADG (P<.10) and lower feedlgain (Pc.05) than HE
heifers from day 89 to 207 (Table 4). On day 133, the
LE heifers were similar in live weight to the HE heifers
(976 vs 1037 Ib, P>.10). The cumulative ADG from
day 0 to slaughter was greater for HE heifers (Pc.05).
Feed conversion was lower (P<.001) for HE heifers
during the initial 88 days.
The cumulative feed
conversion favored the HE diets (P<.10).
These data indicate that backgrounding heifers
limited the amount of fat deposited and the amount of
muscle growth during the backgrounding period.
During realimentation, backgrounded heifers
experienced a period of rapid growth and increased
efficiency. This compensatory growth represented
muscle growth and an increase in body fat. In this
study, the effects of backgrounding on carcass traits
had diminished by the time heifers weighed 1100 Ib.

TABLE 2. CARCASS CHARACTERISTICS FOR TIME CONSTANT END POINTS (BLOCK 1)
Day 88
ltem

Day 186

LE

HE

LE

HE

SEM

~ i v wt,
e lbDa1

704

852

1041

1099

23.00

Carcass wt, lbbdi

435

536

643

685

14.09

Dressing percent

61.9

62.9

61.8

62.4

.71

Rib eye area, in.2gi

10.7

11.8

12.9

11.4

.49

Rib eye area/cwtdef

2.4

2.2

2.0

1.7

.08

Rib fat, in.d

.13

.15

.33

.43

.04

Marbling scoreadei

3.3

4.4

4.7

5.6

.28

Supraspinatus wt, lbde

1.90

2.15

2.38

2.36

.07

Semitendinosus wt. lbh

3.51

4.28

4.52

3.94

.29

a 4.0 = slighto, 5.0 = smallo.
LE 88 vs HE 88 (P<.001).
LE 186vs HE 186 (P<.001).
Day 88 vs day 186 (P<.001).
LE 88 vs HE 88 (P<.05).
LE 186vs HE 186 (P<.05).
Day 88 vs day 186 (P<.10).
LE 88 vs HE 88 (P<.10).
i LE 186 vs HE 186 (P<.10).

'

TABLE 3. CARCASS CHARACTERISTICS FOR WEIGHT CONSTANT END POINTS (BLOCK 1)
Group 1030
ltem
~ive
wt, lbb
Carcass wt, lbb

LE

Group 1100
HE

LE

HE

SEM

1041

1025

1120

1099

27.33

643

655

703

685

16.88

Dressing percentC

61.8

63.9

62.8

62.4

.71

Rib eye area, in.2b

12.9

13.3

11.2

11.4

.59

Marbling scorea

4.7

5.6

5.6

5.6

.47

Supraspinatus wt, lbC

2.38

2.13

2.35

2.36

.09

Semitendinosus wt, Ib

4.52

4.41

4.18

3.94

.26

Rib eye area/cwtb
Rib fat, in.

a 4.0 = slighto, 5.0 = smallo.
1030 vs 1100 (P<.05).
LE 1030 vs HE 1030 (P<.10).

TABLE 4. PERFORMANCE OF LE AND HE HEIFERS (BLOCK 2)
LE

HE

SEM

Initial wt

616

619

19.52

0 to 89 days

~ive
wtCd

773

868

24.47

90 to 207 days

~ i v wtd
e

1140

1187

20.00

0 to 207 days

ADG~

Period

Item

DM1

P<.05.
P<.10.
Taken on last day of period.

ALTERNATE DAY PROTEIN SUPPLEMENTATlON OF CORN STALK BASED
DIETS Wl?H HIGH AND LOW RUMINAL ESCAPE PROTEIN SOURCES
R. M. ~ollins'and R. H. pritchard2
Department of Animal and Range Sciences
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Summary
Twenty-four crossbred wethers (88 f .44 Ib)
were utilized to determine optimal level of dietary CP
when corn gluten meal (CGM) and soybean meal (SBM)
based supplements were fed alternate days. Diets were
arranged in a 2 x 3 factorial design with SBM and CGM
fed at 8, 9 or 10% dietary CP. Supplements were top
dressed on ground corn stalks at a rate of two times
the daily required amount (19.78% DM basis). The
collection term consisted of an 8-day total feces and
urine collection.

protein is fed to improve dry matter intake and/or
digestibility of the diet. The high cost of protein
requires that the protein source be efficiently and
effectively utilized by rumen microbes as well as by the
host animal. In previous studies by the authors, it was
shown that high ruminal escape corn gluten meal fed
at 48-hour intervals improved animal performance
compared to lower ruminal escape SBM. These data
suggested that the gut supply of protein was more
limiting than ruminally degradable N supply. If this were
true, CGM may help meet the animal's CP requirement
at a lower N intake.

DM1 and DDMl were improved (P<.01) when
CGM was fed and as dietary CP was increased by
either supplement. Dry matter digestibility (DMD)
decreased (P<.05) as dietary CP level increased.
Neutral detergent fiber digestibility (NDFD) did not differ
(P>.05) for protein source or dietary CP level.

The objective of this study was to determine
optimal dietary CP levels of SBM and CGM based
supplements fed alternate days with corn stalk based
diets to sheep.

Nitrogen digestibility (ND) increased (P<.05) with
increasing dietary CP level. Nitrogen retention (NR)
was improved by CGM and increasing dietary CP level
and an interaction occurred (P< .I0) between protein
source and dietary CP level.

Twenty-four crossbred, 8 month old wethers
(88 f .44 Ib) were stratified by weight and randomly
allotted in a 2 x 3 factorially arranged N balance study.
Dietary treatments consisted of soybean meal (SBM)
and corn gluten meal (CGM) based supplements fed to
provide dietary crude protein (CP) levels of 7.64%
(SBM-8 and CGM-8), 9.09% (SBM-9 and CGM-9) or
10.5% (SBM-10 and CGM-10). Supplements (Table 1)
were formulated to contain 28.54, 35.76 or 42.91% CP
(DM basis) for the low, medium and high crude protein
levels, respectively. Supplements were fed top dressed
on corn stalks previously ground through a 1.5 in.
screen at two times the daily feeding level (19.78% DM
basis) at 48-hour intervals.

Increased NR on CGM diets suggests providing
ruminal escape N sources is beneficial when feeding
CP supplements on alternate days.
(Key Words: Protein, Forage, Sheep.)
Introduction
Protein is the first limiting nutrient in low quality
forages affecting animal performance. Supplemental

'Former Graduate Research Assistant.
2~ssociateProfessor.

Materials and Methods

TABLE 1. COMPOSITION OF SOYBEAN MEAL AND CORN GLUTEN MEAL
BASED SUPPLEMENTS~
SBM

CGM

Ingredients
-

-

SBM, 44%
CGM, 60%
Trace mineral saltC
Vegetable oil

Corn, cracked

37.12

50.06

62.80

1.95

1.95

1.95

1.95

1.95

1.95

4.55

4.55

4.55

4.55

4.55

4.55

.40

.40

.40

.40

.40

.40

35.04

17.55

48.69

35.76

23.01

a Percent DM basis.

A mixture of mono- and dicalcium phosphate to equal 26.30% Ca and 18.70% P.
Contained salt (NaCI) 98%, zinc .035%, manganese .280%, iron .175%, copper .035%, iodine
.007% and cobalt .007%.
Added as a coccidiostat.
Premix contained 1,000,000 USP units vitamin A, 500,000 USP units vitamin D and 1,000 IU
vitamin E per .45 kg.
Lambs were adapted to corn stalks for 6 days.
The experimental term consisted of a 21-day adaptation
to dietary treatment followed by 8-days total feces and
urine collection subsampled as two periods (4 days).
Diets were fixed at 90% of previously established
ad libitum intake. Total feed consumption was recorded
and feed refusals were recorded and refed daily during
the collection period.
Total feces output was recorded, subsampled
(10% of daily output) and pooled over 4-day periods
and subsequently frozen at -18" C until later analysis.
Urine was collected into vessels containing 100 ml of
30% HCI (vol:vol). Daily urine volume was recorded.
When urine output was <I000 ml, the sample was
diluted with distilled water to 1 liter to avoid salts
precipitation. Pooled subsamples (20% of daily output)
were stored at 20" C during the collection term and
subsequently at -18" C until later analysis.
Feed and orts were dried at 100" C for 48 hours
and feces at 60" C for 72 hours in a forced air oven for
DM determination. Dried samples were ground through
a 1 mm screen and stored. Nitrogen content of the

feed, orts, feces and urine were determined by the
Kjeldahl method. NDF content of feed, feces and orts
was determined and feed samples were analyzed for
ADF content.
These data were statistically analyzed as a 2 x 3
factorial design with the split plot factor of sampling
period tested by period x protein source x dietary CP
level. The whole plot of protein source and dietary CP
level were tested by the nested term lamb within
period x protein source x dietary CP level.
Results and Discussion
-Corn stalks contained 3.19% CP, 75.1% NDF
and 45.9% ADF. Supplements provided approximately
70% of the dietary CP.
Dry matter intake (DMI) and digestible DM1
(DDMI) were increased (P<.01) when CGM was fed and
when dietary CP level increased. An interaction
occurred (Pc.01) between protein source and dietary
CP level for DM1 and DDMI (Table 2). Increasing dietary
CP level decreased (PC.05) dry matter digestibilrty

TABLE 2. EFFECT OF PROTEIN SOURCE AND DIETARY PROTEIN LEVEL
ON DIET DIGESTIBILITY
SBM
No. of animals
DMI, g/daya
DMD, %b
DDMI, g/daya
NDF digestibility, %

8

9

4

4

538

545

62.68
337

56.51

CGM
10

8

9

10

SEM

62.91
340
58.14

a Source, level, source x level (P<.01).

Level (P < .05).
(DMD), but no differences due to protein source were
observed. This indicates that CGM provided sufficient
rumen degradable N to support ruminal fermentation
comparable to SBM.
The higher N intake and fecal N loss for CGM
diets can be partially explained by the concurrent
Nitrogen
higher DM1 compared to SBM diets.
digestibility (ND) increased (P<.05) with incremental
increases in dietary CP level. This is generally
accepted to occur with increasing dietary protein and
protein which is available to intestinal breakdown and
absorption.
Corn gluten meal supported higher (P<.10) N
retention (NR) compared to SBM. By increasing dietary
CP, NR also increased (PC.05), indicating that the low
protein level was suboptimal in meeting dietary
requirements.
The interaction observed (P<.10)
between protein source and dietary CP level for NR
(Table 3) indicates that less CGM was needed to meet
dietary protein requirements compared to SBM.

The biological value (BV) of CGM was higher
(P<.O5) than SBM and increased as dietary CP level
increased from 8 to 9%. However, the interaction
(Table 4) that occurred (P<.O5) between protein source
and dietary CP level suggests that energy rather than
CP was the first limiting nutrient for CGM-10. The
optimal dietary CP level for SBM diets was not
exceeded in this study, but it is likely the BV of 63 for
SBM-10 is near optimum for these types of diets.
In conclusion, the intestinal protein (or amino
acid) supply appears to be limiting animal performance
more than the rumen degradable N supply under these
feeding conditions. High ruminal escape CGM can
meet the ruminal N requirement as well as the apparent
absorbable amino acid requirement at lower dietary CP
than SBM. This should be considered when least cost
formulations are made for low quality forage diets.

TABLE 3. EFFECT OF PROTEIN SOURCE AND DIETARY PROTEIN LEVEL
ON N UTII-IZA'l7ON BY LAMBS
SBM

CGM

8

9

10

8

9

10

SEM

N intake, g/daya

10.28

12.29

16.69

11.81

17.39

19.04

1.14

Fecal N, g/dayb
N digestibility, %'

3.02

2.94

4.23

3.41

4.09

4.27

.39

70.62

76.39

78.79

71.09

76.55

77.49

1.99

4.14

5.87

5.79

3.64

5.41

6.53

.50

4.76

7.89

8.24

.85

ltem
-

-

No. of animals

Urine N, g/dayc

3.47
9.72
3.12
N retention, g/dayd
a Source (P< .05), level (P<.01), source x level (P< -05).
Source (P<.05), level (P=.05), source x level (P<.05).
Level (P<.05).
Source (P<.1O), level (P< .05), source x level (P<.10).

TABLE 4. EFFECT OF PROTEIN SOURCE AND DIETARY PROTEIN LEVEL
ON THE RELATIVE VALUE OF DIETARY N
SBM
8

Item
No, of animals

4

9
4

CGM
10
3

8
4

9
4

10

SEM

4

NR/NI, g/daya

30.02

27.18

49.71

40.01

45.05

42.89

3.86

BV, %b

42.51

35.98

63.30

56.40

58.82

55.34

.05

a Source (P< .1O), level (P< .1O), s 3urce x level (P<.10).
Source (P<.05), level (P=.05), source x level (P<.05).

IMPLAKT STRATEGIES FOR YEARLING STEERS
R. H. pritchardl and M. A. ~ o b b i n s ~
Department of Animal and Range Sciences

Summary
Various implant strategies were compared in
heavy yearling steers fed for 98 days.
Implant
treatments included control (nonimplanted),722 (72 mg
zeranol), 36TBA (36 mg zeranol plus 140 mg trenbolone
acetate [TBA]), 72TBA (72 mg zeranol plus TBA) and
ETBA (20 mg estradiol-200 mg progesterone plus TBA).
The 72-mg zeranol dosage represents two implants in
one site. Combinations of implants were administered,
one in each ear. Implanting increased (Pc.05) ADG
and DM1 and decreased (Pc.05) feedlgain values.
Among implanted steers, no differences (P>.10) in ADG
or DM1 were observed. FeedJgain was lower (PC.05)
for zeranol-TBA combinations than the 72-mg zeranol
treatment. Carcasses were heavier and rib eye area
was greater (Pc.05) in the 72TBA than 36TBA
treatment. Kidney-pelvic-heart fat was lower (Pc.05)
when the ETBA combination was used.

The simuttaneous administration of implants is
not specifically approved by FDA, atthough the time
window for reimplanting is not defined.
Studies
evaluating complimentarity of these implants will help
identify appropriate combinations to submit for FDA
approval.
Materials and Methods
Crossbred yearling steers (240 head;
826 4.8 Ib) were stratified by weight and breed type
before allotting to 30 pens of eight steers. Implant
treatments included control (nonimplanted), 722 (72 mg
zeranol?, 36TBA (36 mg zeranol plus 140 mg
trenbolone acetate4), 72TBA (72 mg zeranol plus
140 mg trenbolone acetate) and ETBA (20 mg estradiol
benzoate-200 mg progesterone5 plus 140 mg
trenbolone acetate). The 72-mg zeranol dosage was
placed in one implant site. Combinations of implants
were administered, one in each ear.

+

(Key Words: Feedlot, Steers, Implant, Carcass.)
Introduction
Several implants are currently approved for use
in growing and finishing cattle. Active ingredients
include zeranol, estradiol, progesterone, and trenbolone
acetate. Some of these compounds have additive
effects on growth promotion. Implants also affect
carcass traits which can be beneficial or detrimental.

Implants were administered on the second of
two consecutive day weights used as the initial weight.
Steers were weighed in the morning following a 14-hour
removal of feed and water.
Similar weighing
procedures were used at 97 and 98 days on feed.
vaccinations6 and anthelmintic7 treatment were
administered during initial weighing.
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The receiving diet (Table 1) was fed through the
first 3 days of the experiment. An abrupt switch to the
finishing diet occurred on day 4. Feed deliveries were
limited to 7.8 Ib per head per day for 2 days and were
then gradually increased to appetite over a 21-day
period. Dry matter intakes were summarized at 7-day
intervals.
TABLE I. FEEDLOT DIETS~
Ingredient

I7eceivingb

Finishingb

Corn silage

75.00

12.00

Whole shelled corn

16.10

26.54

High moisture corn

53.09

Molasses
Soybean meal, 44%

2.00
7.81

4.56

.71

1.13

Calcium carbonate
Potassium chloride

-38

Trace mineralized salt

.25

.25

Dicalcium phosphate

.13

.05

Results
Three steers had to be deleted from the study.
One steer died of bloat and two steers became lame.
These were unrelated to treatment. Initial weights of
these steers were deleted from the data set. The
individual contributions of these steers to pen mean
daily dry matter intakes remains in the data set.
Initial and final weights are not fully shrunk
weights (14 hours). A shrunk final weight could be
estimated using a 3% shrink factor. Mean weight at the
packing plant was 3.1% lower than the final weight.
This adjustment would lower ADG and increase FIG
values reported in Table 2.
Implanting increased (P<.05) ADG and DM1 and
No
decreased (P<.05) feedlgain requirements.
differences in ADG or DM1 were observed between
implant treatment groups.
Steers implanted with
zeranol plus TBA combinations were more efficient
(P<.05) than steers implanted with only 72 mg zeranol.

a Percentage dry matter basis.

Provides 25l /g monensin and 1000 IU
supplemental vitamin A per Ib.
The afternoon following the final feedlot weight,
steers were transported 70 miles to the IBP plant at
Luverne, MN. Hot carcass weight was recorded at
slaughter. Rib eye area and rib fat thickness were
measured after a 24-hour chill. Marbling scores and
KPH percentage were designated by the federal grader
on duty.
Data were analyzed by procedures appropriate
for a completely random design. Performance data
were analyzed on a pen mean basis. Carcass data
were tested considering the experimental unit to be
individual steers. Percentage choice data were tested
by Chi square analysis.
Mean separation tests of cumulative feedlot
performance were accomplished by contrasts of
(1) control vs implanted, (2) 722 vs 36TBA and 72TBA,
(3) 36TBA vs 72TBA, and (4) 36TBA and 72TBA vs
ETBA.

Dual implanting with 72TBA increased (P<.05)
carcass weight and rib eye area over dual implanting
with 36TBA. Steers dual implanted with 36TBA or
72TBA produced carcasses with more (P<.05) KPH fat
than if steers received ETBA. No other implant effects
on carcass traits were observed for rib fat, muscling or
quality grade. These steers averaged 58% choice
across all treatments.
Rib fat was measured at
84 days using real time uttrasound. Those data
indicated that rib fat was reduced by implanting.
Carcass measurements followed a similar numerical
trend.
It could be argued that these steers should have
been fed another 2 weeks.
Rib fat thickness of
-40 inches is on the low side of current feeding
endpoint. However, the push is being made to lower
fatness and data should be available describing
conditions used here. All of the implant treatments
were efficacious. Dual implanting with zeranol plus TBA
was comparable to ETBA and may hold a slight
advantage over 72 mg zeranol. Replication of these
treatments with other groups of steers is indicated
before more definitive conclusions can be made.

TABLE 2. EFFECTS OF IMPLANT TREATMENT ON CUMULATIVE FEEDLOT
PERFORMANCE AND CARCASS T R A I T S ~ ~ ~
Control

722

36TBA

Initial wt, Ib
Final wt, lbd

ADG, lbd
DMI, lbd

F / G ~ ~ ~

Carcass wt, lbf
Rib fat, in.
Rib eye area, in.21
KPH, %g

Yield grade
Marbling scoreC
Percent choice
a Performance data on pen mean basis.
Carcass data are least squares means of individual steer data.
Average small = 5.0; average slight = 4.0.
Control vs rest (P<.01).
722 vs 36TBA and 72TBA (P<.05).
36TBA vs 72TBA (P< .05).
36TBA and 72TBA vs ETBA (P<.05).

72TBA

ETBA

SEM

COMBINATIONS OF SYNOVEX~AND FINAPW*
FOR YEARLING STEERS
J. J. wagner3 and R. H. pritchard3
Department of Animal and Range Sciences

Summary
Ninety crossbred yearling steers (818 f 19 Ib)
were utilized to evaluate the influence of implant
treatment and days on feed on carcass characteristics
and feedlot average daily gain (ADG). Treatments
included no implant (C), implanted with Synovex-S on
day 1 and Synovex-S on day 60 (SS) and implanted
with Synovex-S on day 1 and with Synovex-S and
Finaplix-S on day 60 (SSF). Ten steers from each
treatment were slaughtered after 120, 134 or 148 days
on feed. Implanting increased (PC.0001) ADG 18.9%
and hot carcass weight (HCW) 6.4%. However,
interactions between treatment and days on feed were
significant (Pc.05) for ADG and HCW. No other
interactions were apparent. Rib eye area (REA) was
4.7% greater (Pc.05) for implanted steers as compared
to nonimplanted controls (13.72 vs 13.11 ins2). ADG
(Pc.12), HCW (Pc.10) and REA (P<.05) were greater
for steers implanted with SSF as compared to steers
implanted with SS 3.90 vs 3.75 Ib, 846 vs 831 Ib, and
14.06 vs 13.38 in.(L, respectively). Marbling score
(5.00 = ~ m a l l qtended (Pc.16) to be lower for
implanted steers compared with nonimplanted controls
(5.54 vs 5.77 units). Marbling score was slightly
(Pc.16) lower for cattle implanted with SSF as
compared to cattle implanted with SS (5.40 vs 5.67).
Predicted days required to reach 75% low choice were
113, 124 and 138 for C, SS and SSF, respectively.
(Key Words: Estradiol, Trenbolone Acetate, Steers.)
Introduction
Finaplix-S was approved for use in feedlot steers
in 1987. When used as the sole implant, performance

'product of Syntex Animal Health, Des Moines, IA.
2~roductof Hoescht Roussel, Sommerville, NJ.
3~ssociateProfessor.

appears to be increased slightly as compared to
nonimplanted controls. Using Finaplix in combination
with an estrogenic implant has resulted in tremendous
improvements in performance of feedlot cattle and has
become a common practice in the commercial cattle
feeding industry.
Several reports have indicated that the
percentage of cattle grading choice is reduced when
the combination of Finaplix and an estrogenic implant
is used. Depending upon when and how the cattle are
sold, reduced propensity to grade choice would have
serious economic consequences for cattle feeders. It
has been proposed that the reduction in choice cattle
can be overcome by feeding implanted cattle for
additional days. However, it is not known how many
additional days would be required.
The objective of this trial was to determine how
many days cattle implanted with the combination of
Finaplix-S and Synovex-S would need to be fed in order
to achieve similar quality grades as nonimplanted cattle
or cattle implanted only with Synovex-S.
Materials

Methods

Ninety crossbred yearling steers that had been
grazing summer pastures at the Range and Livestock
Research Station located near Philip, SD, were stratified
by their July weight and allotted to three 30-head
treatment groups. In mid-August, the cattle were
weighed following an overnight (16 hours) withdrawal of
feed and water. Sixty steers were implanted with
SynovexS.
The remaining 30 steers were not
implanted and served as a negative control.

Steers were transported to a commercial
feedyard4 located near Kimball, South Dakota, and fed
in a common pen. Diets fed to the steers are shown in
Table 1. Steers were adjusted to the finishing diet by
feeding diet 1 for 10 days and diet 2 for 7 days. On
day 60,30 of the implanted steers were reimplanted
with Synovex-S. The 30 remaining implanted steers
were reimplanted with Synovex-S in the left ear and
received a Finaplix-S implant in the right ear.
Ten randomly selected steers from each
treatment were slaughtered after 120,134 and 148 days
on feed. The last weight of the steers obtained at the
Range and Livestock Research Station the morning of
shipment to the feedyard served as the trial initial
weight. Final weight used to compute performance
data was calculated by dividing hot carcass weight by

the dressing percentage for each slaughter date.
Carcass data were collected 24 hours postslaughter.
The USDA grader called marbling scores and estimated
the percentage kidney, heart and pelvic fat. Rib fat was
measured with a steel probe and rib eye area was
estimated with a grid. Carcass regrades were not
considered in the analysis.
Data were analyzed according to analysis of
variance procedures for a completely randomized
design. Differences in percentage choice carcasses
were tested by Chi-square analysis procedures. Means
were separated using orthogonal contrasts.
Comparisons of interest were no implant vs implant and
Synovex-S day 60 vs the combination of Synovex-S and
Finaplix-S day 60.

TABLE 1. COMPOSITION OF DIETS FED TO STEERS
Diet
Ingredienta
Cracked corn

2

1

29.07

48.22

High moisture corn

Finish

51.70
15.32

Corn silage

62.02

Alfalfa hay

5.81

48.22

28.72

.I 9

.19

.19

2.91

3.37

4.07

Dry matter, %

51.67

59.04

66.51

Crude protein, %

12.36

12.00

12.36

Calcium, %

.72

-55

.53

Phosphorus, %

.35

.36

.37

Mcal/cwt

81.20

89.68

93.74

NE , Mcallcwt

51.25

58.76

62.10

Mineral supplement
Supplementb
Nutrient compositionC

NE,

a Percentage as fed.

Sup-R-Lix, Purina Mills, Inc., St. Louis, MO.
Dry matter basis.

4~

and L Feedyard, Kimball, SD.

Results and Discussion
--

(Pc.0813) to gain weight more rapidly than steers
implanted with SS. However, the interaction between
implant treatment and days on feed was significant for
final weight (Pc.0164) and average daily gain
(P c .0105). Therefore, conclusions concerning the
effect of dual implant use on average daily gain can not
be drawn from these data.

Table 2 shows average daily gain and the initial
and final weights for steers. Average daily gain
decreased with additional days on feed, Implanting
improved (Pc.0001) average daily gain (3.75 and 3.91
vs 3.22 1b per head daily for SS and SSF vs C,
respectively). Steers implanted with SSF tended

TABLE 2. WEIGHT AND AVERAGE DAILY GAIN OF

STEERS^

Davs on feed
120

Item

C

SS

134

SSF

C

SS

148

SSF

C

SS

SSF

SEM

Initial wt, Ib

821

821

817

813

825

819

801

819

819

18.33

Final wt, lbbC

1204

1309

1327

1254

1312

1294

1285

1329

1397

15.87

ADG, lbbd

3.23

4.09

4.25

3.26

3.69

3.56

3.16

3.46

3.92

.12

a C = control, SS = Synovex day 1 and Synovex day 60, SSF = Synovex day 1 and Synovex plus
Finaplix day 60.
Days x implant treatment interaction is significant (Pc.02).
C vs SS and SSF (Pc.0001), SS vs SSF (Pc.0813), days linear (Pc.0002), days quadratic (Pc.0580).
C vs SS and SSF (Pc.0001), SS vs SSF (Pc.11Ol), days linear (Pc.008), days quadratic (PC,0389).

Table 3 displays carcass data for steers. The
interaction between implant and days fed for hot
carcass weight (HCW) was significant (PC 0169). No
other interactions were apparent. Implantinq increased
(PC.0001) HCW 6.4% (840 vs 789 Ib). HCVl increased
1.61 Ib per head daily from 120 to 148 days on feed
(PC,0001). No differences between treatments were
noted for fat thickness at the 12th rib. Fit thickness
increased about ,0057 in. per day after day :20 on feed
(Pc.0003). Implanting increased Pc.03 ;9) rib eye
area (REA) 4.7% (13.72 vs 13.11 in. ). REA was also
larger (PC ,0440) for SSF compared SS carcasses. REA
increased (Pc.0013) .0393 in.* per day afte: 120 days
on feed. Kidney, heart and pelvic (KPH) fat tended
(Pc.0676) to be reduced for implanted cattle and
increased .009642% per day after 120 days on feed
(P c ,0228).

6

Yield grade was similar across implant
treatments and yield grade tended (Pc.1454) to
increase by .O1 unit per day as days fed increased.
Based on changes in HCW, rib fat thickness. REA and
KPH, yield grade should have increased ,0097 units per
day. This appears consistent with the value observed.

Marbling score (5.0 = smallo) tended (P=.1571)
to be reduced slightly for implanted cattle versus
nonimplanted cattle.
Cattle implanted with the
combination of Finaplix-S and Synovex-S tended to
have lower (P=.1510) marbling scores than cattle
implanted with only Synovex-S. Marbling score was
increased by .0179 units daily after 120 days on feed
(P c ,0092).
A major objective of this research was to
determine the number of days on feed required to
achieve similar quality grades. A common target
end point for cattle in the industry is 75% choice. Or,
in other words, 75% of the cattle need a marbling score
of 5.0 or better. The area under a standard normal
curve to the right of the mean minus .6745 (Z) times the
standard deviation corresponds to 75% of the
observations in the sample (Snedecor and Cochran,
1979). The standard deviation for marbling score in this
trial was .72607. Therefore, a mean marbling score of
5.4897 units (5.0 + [.6745 x .72607]) would correspond
to 75% of the cattle grading choice or better (Figure 1).

TABLE 3. CARCASS DATA FOR STEERS
Treatment
Item
Hot carcass weight, lba

(3,

w

Davs

C

SS

SSF

789

832

847

120
803

134
817

148
848

SEM
5.76

Fat thickness, in.b

.53

.54

.52

.49

.45

.65

.03

Rib eye area, in.2c

13.11

13.38

14.06

12.78

13.89

13.88

.23

Kidney, heart and pelvic fat, %d

2.53

2.37

2.33

2.20

2.57

2.47

.08

Yield grade, unitse

3.13

3.21

3.00

3.13

2.80

3.41

.13

Marbling score, unitsf

5.77

5.67

5.40

5.36

5.63

5.86

.13

a

Treatment x day interaction (P<.0169), C vs SS and SSF (P<.0001), SS vs SSF (P<.0805), days linear (P<.0001), days quadratic

(P < .2050).
C

Days linear (P<.0003), days quadratic (P<.0013).
C vs SS and SSF (P<.0359), SS vs SSF (P< .0440), days linear (P<.0013), days quadratic (P<.0510).
C vs SS and SSF (P<.0676), days linear (P<.0228), day quadratic (P<.0227).
Days quadratic (P<.004).
4.00 = slighto, 5.00 = smallo; C vs SS and SSF (P<.1571), S vs SSF (P<.1510), days linear (P<.0092).

Figure 1. Distribution of marbling
score, 75 O/O choice carcasses.

Figure 2. Marbling score vs days
on feed.
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Table 4 lists the equations that describe the
relationship between marbling score and days on feed
for each treatment (Figure 2). These relationships may
not be linear. However, the interaction between days
fed and treatment and the quadratic effects of treatment
were not significant for marbling score.
TABLE 4. EQUATIONS DESCRIBING THE
RELATIONSHIP BETWEEN MARBLING
SCORE AND DAYS ON FEED
Treatment
Control

Intercept

Slope

3.9993

.0132

+

Synovsx-Synovex

-+

S y novexCombinatlon

influence marketing decisions. Table 5 shows the
frequency of undesirable carcass traits during this trial.
The percentage of choice carcasses was reduced, the
percentage of yield grade 4 carcasses was increased
and the percentage of carcasses weighing more than
900 Ib was increased in cattle implanted with Finaplix-S
as compared with cattle implanted only with Synovex-S.
Yield grades were increased because carcass weight
increased more than the increase in rib eye area could
compensate for in the yield grade equation.
If
Finaplix-S is used, perhaps cattle should not be sold on
a grade and yield basis because of the discounts for
select, yield grade 4 or heavy carcasses.
TABLE 5. NEGATIVE EFFECTS OF
FINAPLIX-S USE

Combination
--

2.3405

.0229

Treatment
Item

The equations in Table 4 were set equal to
5.4897 and solved for days on feed. Days required to
reach 75% choice cattle were 113, 124 and 138 for C,
SS and SSF steers, respectively. From these data, it
appears that two additional weeks on feed as
compared to the Synovex-S treatment are needed to
overcome the negative effects of Finaplix-S on quality
grade.

Use of Finaplix-S as an implant in combination
with Synovex-S for finishing steers will improve feedlot
performance. However, there are risks involved that

Control

SS

SSF

Choice carcasses, %

90

90

76.7

Yield grade 4, %

20
0

6.7
10

20
16.7

>900 Ib HCW
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MILK PRODUCTION IN FIRST-LACTATION BEEF HEIFERS
D. M. ~arshall'
Department of Animal and Range Sciences

Summary

Experimental Procedures

Milk production was estimated by weigh-suckleweigh procedures at six dates during the first lactation
of 250 first-calf beef heifers representing several
crossbred types. The effect of dam breed group on
milk yield was significant for each measurement date.
The effect of calf sex on milk intake was significant or
at least approached significance for the three earliest
measurement dates but was nonsignificant for the last
three dates. Compared to milk production at an
average of 51 days, production at 79 days was similar,
while production estimated at later stages of lactation
declined.
Estimated milk production during later
lactation was less closely associated with calf weight
than was production during early lactation.

Data were collected in a drylot management
system which allowed measurement of feed intake in
addition to performance traits that are more commonly
collected. The study included first-lactation data from
250 beef heifers and their calves for calf birth years
1987 through 1990. Heifers were managed to calve at
approximately 2 years of age. The calving season
began approximately March 1 each year. Length of the
calving season ranged from 46 days in 1989 to 66 days
in 1988.

(Key Words:
Production.)

Beef

Cattle,

First-Lactation, Milk

Introduction
Many studies have demonstrated that increased
levels of dam milk are associated with increased
production of calf weaning weight. However, increased
feed energy for the cow herd is required for increased
milk production. Further, feed energy needs for milk
production vary during lactation. Knowledge of milk
production patterns during lactation may improve our
ability to match herd feed requirements to forage
production in an optimal manner. The objective of this
study was to examine the effects of dam breed and calf
sex on milk production levels at various stages of
lactation in first-calf beef females.

-
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Heifer breed types included crossbred AngusHereford, Simmental-Hereford,Tarentaise-Herefordand
Salers-Hereford produced in rotational crossbreeding
systems. Because breed percentages vary within a
rotation, each rotation was further subdivided based on
the percentage of Hereford as follows: SimmentalHereford heifers of low percentage Hereford (SHS),
Simmental-Hereford of high percentage Hereford (HSH),
Angus-Hereford of low percentage Hereford (AHA),
Angus-Hereford of high percentage Hereford (HAH),
Salers-Hereford of low to medium percentage Hereford
(LHL), Salers-Hereford of high percentage Hereford
(HLH), Tarentaise-Hereford of low to medium
percentage Hereford (THT) and Tarentaise-Hereford of
high percentage Hereford (HTH).
The average
percentage Hereford for each group is presented in
Table 1.
Under the drylot management system, the
heifers were placed in individual feeding stalls twice
daily and provided limited amounts of pelleted hay,
chopped hay and grain. Calves were allowed to nurse
their dams during the two daily periods when the dams

TABLE 1. NUMBER OF DAM-CALF PAIRS
AND AVERAGEPERCENTAGEHEREFORD
FOR EACH DAM BREED GROUP
Dam breed
groupa

No.

Average %
Hereford

SHSV

40

37.3

HSH
AHA

30

47

69.5
36.2

HAH

36

67.2

LHL

20

48.8

HLH
THT

12
23

75.0
48.3

HTH

42

74.5

a S = Simmental, H = Hereford, A = Angus,
L = Salers and T = Tarentaise.

were in the individual feeding stalls but otherwise were
kept separate from their dams to prevent cross-nursing.
Calves were allowed overnight access to individual
creep feeders, which provided a low-energy feed
intended to replace forage which calves would have
consumed from pasture under conventional
management.
Estimated milk production was evaluated by the
weigh-suckle-weigh method and is expressed as milk
yield after an overnight separation of calf and dam
averaging about 14 hours. This procedure did not
create an especially unusual situation for the animals,
since calves were separated overnight from their dams
every day under the drylot management system.
Overnight milk production was evaluated on six dates
in a given year, beginning near the conclusion of the
calving season.
Results and Discussion
-The effects of dam breed and calf sex on milk
yield were analyzed separately for each measurement
date. Thus, statistical comparisons across dates within
a breed group are not appropriate (Table 2). Year, as
a discrete effect, and calf birth date, as a covariate,
were also included in the statistical models.
An addit~onal model included the effect of
measurement date and its interaction with breed group.

The interaction was highly nonsignificant. The effect of
measurement date on milk yield, averaged over other
effects, can be evaluated from the bottom line in
Table 2.
The SHS and AHA dam breed groups ranked
high, while the HAH, LHL, HLH and HTH groups tended
to rank relatively low for estimated milk production
throughout lactation. The HSH and THT groups ranked
high for the earlier dates, but their production tended to
drop off more in later lactation as compared to the SHS
and AHA groups. The similarrty of estimated milk yield
of AHA heifers to SHS heifers for these 4 years
represents something of a departure from earlier years
for this herd during which SHS heifers generalty
produced significantly more milk than AHA heifers. The
reason for this departure is uncertain but possibly
reflects differences between the groups in within-herd
genetic trends.
It is not possible to determine from this
information precisely when peak milk production
occurred. In general, mean estimates were similar for
the first two evaluation dates and then declined.
Averaged over breed groups, the largest declines in
production appeared to occur between the second and
third evaluation dates (average day 79 and 108 of
lactation, respectively) and between the f i h and sixth
evaluation dates (average day 164 and 192 of lactation,
respectively).
The effect of calf sex on estimated milk
production was at or approached significant levels for
the first three but not for the final three evaluation dates
(Table 2). Steer calves consumed an average of .5 Ib
more milk than heifer calves after the overnight
separation for the first three evaluation dates. This
average sex difference was .2 Ib over the final three
evaluation dates.
Simple correlation coefficients were calculatedto
examine relationships of calf weight with milk production
for each of the six evaluation dates (Table 3). The
correlations averaged .38 for the first three evaluation
dates and .23 for the final three dates. These values
indicate a positive relationship between milk intake and
calf weight, with the relationship being stronger during
the first half or so of lactation.

TABLE 2 . ESTIMATED OVERNIGHT MlLK PRODUCTION (LB) BY BREED GROUP AND
CALF SEX FOR EACH EVALUATION DATE^^
Date 1

Date 2

SE

Mean

SE

10.1 .15

9.8

.15

Mean

Date 3
Mean

Date 4

SE

Mean

Date 5

SE

Mean

SE

Date 6
Mean

SE

Breed groupC
SHS
HSH
AHA
HAH
LHL
HLH
THT
HTH
Calf sex
Steers
Heifers
Overall avg

8.8 -15

8.4 .15

7.4 .15

6.4 .15

a Weigh-suckle-weigh procedure was performed after an overnight separation (approximately 14 hours) of
dam and calf.
Calf age averaged 50.7, 79.0, 107.5, 135.5, 163.7 and 191.5 days for dates 1, 2, 3, 4, 5 and 6,
respectively.
S = Simmental, H = Hereford, A = Angus, L = Salers and T = Tarentaise.

TABLE 3. PHENOTYPIC CORRELATIONS OF MILK PRODUCTION WITH
CALF WEIGHT FOR EACH DATE^
Date 1

Date 2
-

p
p

Date 3

-

Date 4
-

-

-

Date 5
-

-

-

Date 6

-

a Calf age averaged 50.7, 79.0, 107.5, 135.5, 163.7 and 191.5 days for dates 1, 2, 3, 4, 5 and 6,

respectively.
These results may have pertinence to decisions
involving when to wean, such as in drought years. A
calf becomes progressively less dependent on milk
relative to nonmilk sources of feed as lactation
progresses, and the dam responds by decreasing her
production. The optimal point at which to wean
depends on several additional considerations, including
forage availability and quality, cost of creep feeding,
cost of supplemental cow feed, projected calf price at
various weights and projected effects on postweaning
performance of the calf.

In general, these resutts indicate significant
effects of dam breed and calf sex on overall firstlactation milk production in beef heifers. Only minor
differences in persistence of milk production were noted
among breeds. Compared to milk production at an
average calf age of 51 days, production at 79 days was
similar, while production estimated at later stages of
lactation declined. Estimated milk production during
later lactation was less closely associated with calf
weight than was production during early lactation.

CHAPS SUMMARY FOR SOUTH DAKOTA, 1990

D. L. 6oggs1
Department of Animal and Range Sciences

Summary
Calving distribution and calf performance data
were summarized from the CHAPS (Cow Herd Appraisal
of Performance Software) analyses of 61 South Dakota
cow herds. CHAPS uses standard beef cow weaning
weight records to calculate adjusted 205-day weights
and ratios, keep lifetime production records on cows,
calculate Most Probable Producing Ability estimates for
cows, produce a sire summary and analyze production
according to cow age and 21 -day calving periods. The
1990 summary represents 6,771 calves for an average
of 110 cows per herd. The average actual birth and
weanirlg weights were 82.2 and 523.2 Ib, respectively,
with the average age at weaning 199 days. Overall,
81.3% of the females calved by day 42 of their
respective calving seasons, although there was
considerable disparity in the percent calved by day 42
between the HIGH and LOW (91.9 vs 62.841;) calving
distribution herds. This difference is impor?ant since
actual weaning weights declined 37 to 60 Ib for each
21 days later that calves were born. In addition to
these data for the state summary, CHAP3 provides
valuable information for making within herd selection
and management decisions.
Introduction
A new computer program for evaluating cow
herd productivity was acquired in 1989 by the SDSU
Extension Service and placed in most of the county
extension offices. The program is called CHAPS which
stands for Cow Herd Appraisal of Performance
Software. CHAPS uses standard beef cow weaning
weight records to adjust weaning weights and calculate
205-day ratios. In addition, the program keeps lifetime
production records on cows, calculates MPPA (Most
Probable Producing Ability) for cows, produces a sire

'Extension Beef Specialist, Associate Professor.

summary and analyzes birth dates and weaning weights
to give a calving distribution and production analysis by
cow age and 21-day calving periods. CHAPS records
are summarized to develop a state database to provide
producers a basis for comparative analysis of their
herds' productivrty.
This 1990 CHAPS summary for South Dakota
represents 6,771 calves from 61 herds throughout the
state. The average herd size was 110 cows with a
range of 18 to 324 head. Several interesting trends are
apparent in the data. Data of particular interest in the
summary were the percentage of calves born in 21-day
segments of the calving season. Calving distribution
provides an excellent indication of reproductive
performance and provides a producer a tool to utilize in
troubleshooting reproduction, nutrition and management
problems within the various age groups of cows in the
herd. CHAPS determines the start of the first 21-day
period by using the date when the second 3-year-old or
older cow calves. Any cows or heifers calving ahead of
that date are considered Early. The calving distribution
and performance of the 21 herds with the highest
percentage calved by the end of the first 21 days
(HIGH) are compared to the 20 herds with the lowest
percentage calved by the end of the first 21 days
(LOW)
Results and Discussion
-1.

The age distribution of the cows in the summary
appears in Table 1. In these herds, 16.8% were
first calf 2-year-olds and approximately 45.0%
from 5 to 9 years of age. In these herds, 45.1%
were under 5 years and 9.6% were 10 years or
older. 'These data would indicate that the cow
herds are not as old as some reports would
suggest.

The average start of the calving season for the
mature cow herd was March 17. The average
midpoint of the calving season for these herds
was April 7. The average actual birth and
weaning weights for these calves were 82.2 and
523.2 Ib, respectively. The average age at
weaning was 199 days and the average weight
per day of age at weaning was 2.62 Ib. Actual
weaning weights became progressively lighter by
34 to 60 Ib for each 21 days later that calves
were born (Table 2).
Note that the HIGH
distribution herds averaged 40 1b more at
weaning than the LOW distribution herds due to
the higher percentage of calves born early in the
calving season.

TABLE 1. NUMBER AND PERCENTAGE QF COWS
BY AGE IN 1990 CHAPS SLIMMARY
Age of
cow, yr

Number
of cows

2
3
4
5-9
10 and over

1139
1085
838
3061
648

% of
total

TABLE 2. PERCENTAGE OF COWS CALVING AND AVERAGE ACTUAL WEANING WEIGHT
BY 21-DAY CALVING PERIOD FOR ALL COWS AND FOR HlGH AND LOW CALVING
DISTRIBUTION GROUPS
21 -day
period
Early
1st
2nd
3rd
4t h
Late
Average

%

4.2
46.2
30.9
12.3
4.3
1.7

All cows
Weiaht
574
553
519
460
396

379

HIGH
Weight

%

Weiq ht

7.0
63.2
21.7
5.8
1.9
.3

579
56 1
521
454
353

2.0
21.9
38.9
23.1
9.3
4.0

59 1
553
532
474
418

523

3.

In these herds, over 80% of the females were
calved by the end of the second 21-day period
and approximately ,94% were calved by the end
of the third 21-day period (Table 2).

4.

The calving distribution within age group
(Table 3) shows that about 20% of the 2-yearolds were calved ahead of the mature cows, with
the HlGH distribution herds calving 30.9% EARLY
versus 8.7% for the LOW herds. There was even
greater disparity between the HIGH and LOW
groups in the cumulative percentages of 3- and
4-year-old cows calving within the 21-day calving
periods. For example, at the end of the second
21-day period, 97.7% of the 3-year-olds in the
HlGH herds had calved compared to only 42.8%

LOW

%

352
544

400
504

in the LOW herds. This trend continues for the
4-year-old and older cows and indicates difficulty
in getting the first calf 2-year-olds among the
LOW distribution herds to rebreed and a real
need for improvement in nutrition and
management of these first calf females. The
data also show the value of calving first-calf,
2-year-olds early to allow more time for
rebreeding.
5.

CHAPS provides valuable information to
individual producers as well as the South Dakota
beef industry. If you are interested in enrolling
your herd in CHAPS, contact your county
extension agent or the extension beef specialists
at SDSU.

TABLE 3. AVERAGE CUMLllATIVE PERCENTAGE CALVED BY 21-DAY CALVING PERIODS WITHIN
AGE GROUP FOR ALL COWS AND HlGH AND LOW CALVING DISTRIBUTION GROUPS

Aae

10 and over

Group

% of each age group
2nd
3rd

Early

1st

4th

Late

All
HIGH
LOW

19.3
30.9
8.7

64.7
75.7
43.0

84.1
89.1
71.7

95.3
97.4
92.0

98.3
99.8
97.0

99.5
99.8
99.3

All
HIGH
LOW

.7
1.4
.5

39.8
64.8
12.1

72.7
92.4
49.1

89.2
97.2
77.5

95.9
99.3
90.9

99.0
99.7
97.9

All
HIGH
LOW

1.6
2.6
1.8

47.9
70.5
19.2

78.6
91.7
56.2

91.5
96.8
79.5

96.6
99.0
91 .O

99.5
100.0
98.2

All
HIGH
LOW

1.2
1.I
.9

50.5
70.2
22.9

83.5
92.9
65.1

94.7
97.9
87.9

98.7
99.8
96.6

99.8
100.0
99.7

All
HIGH
LOW

.6
.6
.8

45.8
64.0
28.1

84.1
91.4
71.8

96.3
99.4
91.5

99.2
100.0
98.6

100.0
100.0
100.0

FACTORS AFFECTING WEANING WElGM PRODUCTION
' , M. ~ a r s h a land
l ~ D. L. ~
T. B. ~ o e h r i n ~D.
Department of Animal and Range Sciences

Summary
Weaning weight records from a commercial cow
herd were statistically analyzed to demonstrate
suspected sources of variation in weaning weight. Data
from first-calf heifers and mature cows (3 to 9 year olds)
were analyzed separately. For every one day increase
in calf age at weaning, weaning weight was increased
by 1.65 and 1.76 Ib for first-calf heifers and mature
cows, respectively. For every 1 percentage point
increase in MPPA of the cow, weaning weight was
increased by 4.5 Ib. A 10% advantage in weaning
weights and weight per day of age (WDA) was
observed in steers over heifers. A 3 and 6% advantage
in WDA and weaning weight, respectively, was
observed in bulls over steers. Weaning weight and
WDA peaked among cows 4 to 6 years of age and then
declined. Cows that were 3, 8 and 9 years of age
produced calves with similar weaning weights. Calves
nursing 3-, 7- and 8-year-old cows required more
treatments for sickness than calves nursing 4- to
6-year-old cows. Production records provide valuable
insight into causes of variation in cow productivity.
(Key Words: Weaning Weight, MPPA, Calf Age, Cow
Age.)
Introduction
Many factors, other than genetic effects,
influence calf weaning weights.
For example,
increasing calf age at weaning is known to increase
weaning weight. Therefore, increasing nutritional and
management inputs in an effort to have more calves
dropped early in a fixed calving season may be a
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prudent decision. However, there will be some point
beyond which input costs will exceed extra returns.
The relationship between Most Probable
Producing Ability (MPPA) of the cow and age of dam
and calf weaning weight are production factors not well
understood by some producers. However, both factors
are' important considerations for routine culling and
become even more important when extra culling
becomes necessary, as in drought conditions. The
objective of this report is to demonstrate the effect of
various factors on calf weaning weight from records
obtained from a commercial cow-calf operation.
Materials and Methods
Weaning weight records for 1990 were obtained
from a commercial cow-calf operation located in Bennett
County, SD. Herd performance records have been
processed by the South Dakota Beef Cattle
Improvement Association for many years. Breeds
represented in the herd include Red Angus, Simmental
and Hereford. The 60-day calving season started
approximately February 15 for the heifers and March 1
for the cows. Final calf weights were obtained on
October 6, 1990.
The Most Probable Producing Ability (MPPA) is
calculated from the cow's average weaning weight ratio,
the number of calves with weaning records and the
repeatabiltty of weaning weight. MPPA for weanirlg
weight ratio is calculated by the following formula:

~

MPPA

=

H

+

1

+

NR
(C (N - l ) R

where H = 100, the herd average weaning weight ratio,
N = the number of calves included in the cow's
average, R = 0.4, the repeatability factor for weaning
weight ratio, and C = average for weaning weight ratio
for all calves the cow has produced.
The rancher kept a detailed accounting of all
calves that were treated for any kind of sickness. In
our data set, the number of treatments for sickness
represents the number of days a calf received medical
treatment.

Records for first-calf heifers and mature cows
were analyzed separately as part of a deworming study.
Mean, minimum and maximum values for variables
associated with first-calf heifers and mature cows are
shown in Tables 1 and 2, respectively. Data were
analyzed by least squares procedures using the GLM
procedure of SAS. For the first-calf heifers, the final
model for calf performance data included deworming
treatment and calf sex as independent variables and
calf age as a covariate (excluding weight per day of
age, WDA). For mature cows, the final model for calf
performance data included deworming treatment, calf
sex and age of dam as independent variables and
MPPA and calf age (excluding WDA) as covariates.

TABLE 1. TRAIT VARIABLES FOR FIRST-CALF HEIFERS
Item

Mean

Heifer weight precalving, Ib

1177

Condition score precalvinga

Minimum

Maximum

1000

1410

5

8

6.3

Calf weaning weight, Ib

593

430

750

Calf age at weaning, days

220

191

237

WDA, days

2.70

No. of treatments for sickness

-15

1.96

3.30

0

2

a Condition score 1 = very thin to 9 = very obese.

TABLE 2. TRAIT VARIABLES FOR MATURE COWS
Item
Age of dam, years

Mean
5.3

Minimum

Maximum

3

10

MPPA

101

87

116

Calf weaning weight, Ib

589

390

810

0

4

Calf age at weaning, days
WDA, Ib
No. of treatments for sickness

.25

Results and Discussion
-For every one day increase in calf age at
weaning, weaning weight was increased by
1.65 (P<.001) and 1.76 (PC.0001) Ib for first-calf heifers
and mature cows, respectively.
'Thus a 21 -day
difference in calf age at weaning would translate into
about a 36-pound difference in calf weaning weight.
These numbers should be interpreted as encouraging
having a high percentage of cows calved in the first
part of the calving season. This should not encourage
moving calving date earlier and going for a longer
lactation period.
One would calculate the value of this extra
weaning weight as follows: Given an average weaning
weight of about 590 Ib and a sale price of $100 per
cwt, then the rancher would get $590 per head. The
calf weighing 36 Ib more would weigh in at 626 Ib, and
if we use a $.05 per Ib price discount for the heavier
calf ($98.20 per cwt), then this calf would dollar out at
$615.
Thus, within the price and weight range for this
example, the rancher is receiving at least a $25 dollar
premium for those calves born in the first part of the
calving season. This does not imply that a rancher
could spend up to $25 per cow on extra feed to ensure
early calving. This would only be true in the unlikely
event that every cow calved 21 days earlier. A more
realistic expectation might be to move the average age
at weaning up by 5 days by having a higher
percentage of the cows calving earlier. This suggests
up to $5.95 per cow for extra feed could be invested to
ensure early calving ($25 s 21 days = 1.19 per day;
1.19 per day x 5 days = $5.95).
The Most Probable Producing Ability (MPPA) is
an estimate of a cow's future 205-day weaning weight
ratio based on her past productivity. The MPPA allows
for more accurate comparison of cows with different
numbers of calf records in the averages. In this
analysis an MPPA was calculated from all weights
submitted up to 1989. Our results indicate the MPPA
of an individual cow was a good predictor of weaning
weight differences in 1990. In this producer's herd, for
every 1 percentage point increase in MPPA of the cow,
weaning weight was increased by 4.5 Ib (P<.0001). So,
in this cow herd, a cow with an MPPA of 96 would be

expected to produce a calf that is 31.5 Ib lighter than a
cow with an MPPA of 103. For every 1 percentage
point increase in MPPA, WDA was increased by .02
(P< .001). Thus the MPPA reliably predicts future
production of the cow and makes an extremely effective
culling tool.
A 10% advantage in weaning weights and WDA
(All P<.05) was observed in steers over heifers for both
first-calf heifers and mature cows. A 3 (P<.05) and 6%
(P<.001) advantage in WDA and weaning weight,
respectively, was observed in bulls over steers
Fable 3).
Weaning weight and WDA peaked at 4 to
6 years of age and then declined (Table 3). Cows that
were 3, 8 and 9 years of age produced calves with
similar weaning weights. The first-calf heifers started
calving about 2 weeks in advance of the mature cows
and consequently their calves were 11 days older at
weaning on average. For this reason we did not
directly compare the weaning weight production of the
first-catf heifers to mature cows. However, the weaning
weights of calves nursing first-calf heifers were
observed to be similar to weaning weight production
from cows of ages 3, 8 and 9.
The standard deviation for weaning weight
production of mature cows was 55 Ib for heifer calves
and 64 Ib for steer calves. This indicates the range in
weight from the average, which would include 68% of
the calves (1 standard deviation), was 110 Ib for heifer
and 128 Ib for steer calves.
These weaning weights demonstrate the
improvement in calf crop uniformity due to calvirlg
heifers in advance of cows. Additionally, given the
differences in calving ease and rebreeding potential
between first-catf heifers and mature cows in this herd,
there would be no production advantage to culling 8and 9-year-old cows in favor of more heifers.
Calf age had a significant effect on the number
of treatments for sickness for the first-calf heifers but
not the mature cows. Among the heifers, for each day
earlier in the calving season that a calf was born,
sickness treatments decreased by .O1 (P<.05). This
observation may be related to a build-up of disease
organisms in the calving environment of the first-catf

TABLE 3. PRODUCTION TRAITS FOR FIRST-CALF HEIFERS AND MATURE cowsa
Mature cows
Wean.
No.
-

wt

WDA,
Ib

First-calf heifers
Sick
trt.

Wean.
No.

wt

WDA,
Ib

Sick
trt.

-

Calf sex
Heifer
Steer
Bull
SEM
Age of dam
3
4
5

6

7
8

9
SEM
a Least-squares means.
b1c8dMeans with unlike superscripts aiff er (P< .001).
ef Means with unlike superscripts differ (P<.01).
gh Means with unlike superscripts dif er (P<.05).
ij Means with unlike superscripts diffcr (P<.05).

heifers as the calving season progressed Another
possibility would be a change toward wettt r, muddier
weather conditions later in the calving season.
Calves nursing 3-, 7- and 8-year-old cows
required more treatments for sickness than calves
nursing 4 to 6 and 9-year-old cows (P<.001, Table 3).
It is tempting to suggest that the level of immunity
provided to the calves is greatest in the prime age

cows (4 to 6 year olds) and decreases as the cows
age. However, the fact that the 34 calves nursing
9-year-old cows had the lowest treatment rate prevents
such a generalization.
A more detailed summary of production records
from SouthDakota herds is found in paper
CATTLE 91-21 in this report.

COMPARISON OF LUrYLASE AND BOVlLENE FOR
ESTRUS SYNCHRONlZATlON OF HEIFERS
T. B. ~ o e h r i n and
~ l E. M, weave?
Department of Animal and Range Sciences

Summary
A total of 533 yearling heifers were used to
compare the effect of Lutylase vs Bovilene on estrus
response within 5 days of injection. There was no
difference between products in the percentage of
heifers showing estrus within 5 days of injection. The
average time from injection until detection of estrus was
longer for Bovilene than Lutylase (64.5 hours vs
60.7 hours, Pe.05).

research data comparing prostaglandin products for
estrus synchronization. The objective of this field
research was to compare the effectiveness of Lutylase
vs Bovilene for estrus synchronization of replacement
heifers.
Materials and Methods

Prostaglandin is a naturally occurring hormone
produced by the uterus. One function of naturally
occurring prostaglandin is to regress the corpus luteum
on the ovary, which terminates the estrous cycle when
a cow is not pregnant. This sets the stage for the next
estrous cycle. Artificially supplying prostaglandin via
injection into the body can be used to manipulate the
timing of estrus and, because of this, is a very valuable
tool for estrus synchronization.

A total of 533 yearling heifers were synchronized
with M G A ~and prostaglandin injection. Beginning
33 days prior to the start of breeding, heifers were fed
.5 mg per head per day of MGA for 14 consecutive
days. Seventeen (17) days after the last day of MGA
feeding, heifers were injected with either Bovilene or
Lutylase according to label directions. Specifically,
either 5 cc of Lutylase were injected into the muscle or
2 cc of Bovilene were injected under the hide
(subcutaneous). Heifers within a location were allotted
to prostaglandin treatment according to birth date when
possible. Cycling status was not determined. Heifers
were subdivided into five injection groups within the
three locations. Injection groups 1 to 3 were managed
on one ranch, group 4 on a second ranch and group 5
heifers were managed at the SDSU Range and
Livestock Research Station near Philip.

Pharmaceutical advancements have resulted in the
clearance of three prostaglandin products for estrus
synchronization of beef cattle. These include a natural
preparation, trade name ~ u t y l a s e ~
and
, two synthetic
~
strum ate?
preparations, trade names ~ o v i l e n eand
Currently, there is considerable opinion but little

The approximate time the heifers came into
estrus was recorded on a quarterly basis for each of
the 5 days heat was detected. The daylight hours of
each day that the heifers were heat detected were
broken down into four observation periods, with 8 am,
12 pm, 4 pm and 8 pm representing the approximate

(Key Words:
Lutylase, Bovilene, Prostaglandin,
Synchronization.)
Introduction
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midpoint of each period. Thus for each heifer that
came into estrus within 5 days (or 120 hours) of
injection, the hours from injection until the quarter of the
day that standing heat was first observed was
calculated. Each group of heifers was injected within a
3-hour time period or less.
The percentage of heifers showing estrus by
5 days after injection was analyzed separately for each
group of heifers using the Proc FreqIChi square option
of SAS. The hours to estrus were analyzed by the GLM
option of SAS.

Results and Discussion
-The number of heifers within each of the five
groups and the percentage of heifers showing estrus
within 5 days of injection is presented in Table 1.
Approximately equal numbers of heifers were injected
with either product within a group. The percentage of
heifers showing estrus within 5 days after injection did
not differ between Lutylase or Bovilene at any of the five
locations. Averaged over the five groups, 87% of the
heifers injected with Bovilene came into heat compared
to 86% for the heifers injected with Lutylase.

TABLE 1. EFFECT OF BOVILENE OR LUTYLASE ON ESTRUS
SYNCHRONIZATION RESPONSE WITHIN INJECTION GROUP

Grou~

No. of

Percentage of heifers in
estrus within 5 days
of iniection

no.

heifers

Bovilene

1

147

89

2

75

92

3

145

83

4

118

93

5

48

71

Overall
averaQe

Lutylase

Prob.
value

87

Of the heifers responding, the percentage of
heifers coming into estrus on each of the 5 days
following prostaglandin injection for all groups
combined did not differ between prostaglandin products
(P=.34, Table 2). However, numerically, those heifers
injected with Lutylase tended to have a higher peak
response on day 2 and were quicker to slow down on
days 3 and 4. For this reason, the average hours to
estrus were slightly longer (P<.05) for those heifers
injected with Bovilene (64.5 hours) compared to the
Lutylase treatment (60.7 hours). From a practical
standpoint of managing an estrus synchronization
program, these differences are probably of little
importance.

TABLE 2. EFFECT OF BOVILENE OR
LUTYLASE ON TIMING OF ESTRUS
RESPONSE FOR ALL IN,IECTION
GROUPS COMBINED

Days after

Percentage of heifers in
estrus on each of 5 days
after injectiona

injection

Bovilene

Lutylase

1

14.6

15.4

a Includes only those heifers which came into
estrus.

Based on the heat detection data, it would
appear that the choice between Lutylase and Bovilene
should be based on economics and operator
preference in giving intramuscular or subcutaneous
injections. However, no definite conclusions regarding
a biological difference can be made until first-service
conception rates are calculated from 1992 calving
dates.

Appreciation is expressed to Ed and Rich Blair,
Blair Ranches, Sturgis; Reuben and Connee Quinn;
Quinn Cow Company, Pine Ridge; and to Ron Haigh,
Range and Livestock Research Station, Philip, for
supplying yearling heifers and to representativesof The
Upjohn Company and Syntex Animal Health for
supplying prostaglandin product.

EFFECTS OF CRYPTOSPORlDlOSlS ON FEED LmUZATlON
BY YEARUNG STEERS
~ R. H. pritchard3
L. A. GOSS',J. U. ~ h o m s o nand
Departments of Veterinary Science and Animal and Range Sciences

Summary
Four 18-month-old Angus steers were used to
study the effects of chronic cryptosporidiosis on feed
utilization. Two of the steers tested positive for
shedding Cryptosporidium and two noninfected steers
were used as controls. The steers were offered a high
concentrate diet. Digestibilities of dry matter (85.66 vs
80.33 f 3.49%), crude protein (80.12 vs
73.47 f 5.18%), ADF (72.88 vs 70.92 2 2.32%) and
NDF (86.28 vs 84.40 f 1.99%) were similar for control
and Cryptosporidium infected steers, respectively. The
mean abomasal chyme pH was 4.72 f ,016. Abomasal
weight was 3.72 Ib for the control steers and 6.50 Ib for
the infected steers. Although the infected abomasa
were heavier, dry matter intake was similar between
groups (27.69 Ib control steers and 25.92 Ib infected
steers). The infected steers had higher average daily
gains (3.76 Ib vs 2.17 Ib, respectively).

by the South Dakota State Universrty Diagnostic
Laboratory from calves under 1 month of age exhibiting
diarrhea.
The entire life cycle of Cryptosporidium species
can be completed in one host. Cryptosporidiosis is
transmitted through ingestion of infected fecal material.
About 80% of the oocysts are thick walled and pass
through the animal via the feces. The remainder are
thin walled and rupture, releasing the sporozites into
the host animal causing reinfection. These animals may
become reinfected and chronically shed
Cryptosporidium.
Not all animals exposed to oocysts develop
cryptosporidiosis. Abomasal cryptosporidiosis was
produced in only 1 of 18 calves exposed 2 hours
precolostrally to millions of fresh oocysts. The infection
was confirmed by histologic examination of abomasal
biopsies.

(Key Words: Cryptosporidia, Steers, Digestibility.)
Introduction
Cryptosporidiosis, a protozoal parasite infection,
has been diagnosed in an increasing number of beef
and dairy herds.
Cryptosporidium parvum and
Cryptosporidium muris are two Cryptosporidium species
reported in ruminants. C. muris averages 2 to 6 pm in
diameter and usually infects the abomasum of the
ruminant. The infected abomasum becomes enlarged,
folds thicken, depth of glands increases, glands dilate
and the pepsinogen concentration is often above
normal. C. parvum is smaller and infects the intestinal
tract. Cryptosporidiosis has been frequently diagnosed

1
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Two Angus steers out of 120 freshly weaned
steers were found to shed C. muris. Both steers were
asymptomatic.
These steers, along with two
noninfected steers, were used to study the effect of
chronic abomasal cryptosporidiosis on feed utilization
while being fed a high concentrate diet.
Materials and Methods
Four Angus steers, approximately 18 months old
from the same ranch, were used in a digestion trial to
determine the effect of chronic cryptosporidiosis on
feed utilization. Two steers were diagnosed with
cryptosporidiosis prior to the start of the study. At the

beginning of this trial, body weights were 955, 1,098,
1,153 and 1,214 Ib. The steers had been penned as
noninfected and infected groups and were fed a high
concentrate diet ad libitum Fable 1).
TABLE 1. DIETS FED DURING THE
DIGESTION TRIAL^^
Ingredient

%

Whole shelled corn

26.65

High moisture corn

58.98

Mixed grass hay

7.00

Molasses

2.00

Ground corn

3.00

centrifuge bottles. An amylase phosphate buffer was
added at the rate of 30 ml per gram of sample for
starch predigestion. The samples in the Nalgene
bottles were then placed on a vortex mixer and mixed
for 3 minutes to assure adequate starch digestion.
Samples were centrifuged at 4000 rpm for 30 minutes,
the buffer solution separated and the pellet removed by
rinsing with 100 ml of 4 N HCL. The pellet-acid solution
was refluxed for 30 minutes and filtered through a
coarse grade scintered glass crucible. The residue in
the crucible was dried, weighed, ashed, and weighed
again. Percent AIA was then calculated. The AIA level
was used as a marker to determine digestibilrty
coefficients.

Soybean meal, 44%

.40

Urea

.46

Followingthe fecal collections, three steers were
slaughtered at the SDSU Meat Lab. The abomasa were
removed, trimmed of fat, rinsed, weighed, and
submitted for histological examination. A sample of
chyme was recovered for pH determination.

1.01

Results and Discussion
--

Limestone

. Potassium chloride
Trace mineralized salt

.25
-25

a All values dry matter basis.

Diet provided 30 g/ton Lasalocid and 1,000 IU
per Ib supplemental vitamin A.
To start this trial, steers were weighed, separated
into individual pens and offered 45% of the feed
provided for the pens of two head. The steers were fed
once daily. The level of feed offered was increased
steadily to appetite over a period of 4 weeks. Intake
was then held constant during a 3-day collection
period. During the fecal collection period, feed was
sampled daily. Fecal grab samples were collected at
0700, 1500 and 2300 hours each day. The samples
were frozen at -20" C pending laboratory analysis.
Samples were dried at 60" C for 72 hours and ground
through a 1-mm screen before ADF, NDF, macro
Kjeldahl N and AIA levels were determined. The acid
insoluble ash (AIA) procedure was modified as
follows: Feed samples (5 g) and fecal samples (10 g)
were weighed out and placed in 250-ml Nalgene

Animals chronically infected with C. muris have
been shown to have an enlarged abomasum and
altered pH level of the chyme. The infected abomasa
were enlarged, but the pH of chyme was similar to the
control steers Fable 2). The results of the histological
examination revealed chronic multifocal lymphocytic
abomasitis with yeasts compatible with Candida
species.
At this point, the abomasa were
Cryptosporidium negative. Test results on the final fecal
samples taken prior to slaughter detected low numbers
of Cryptosporidium oocytes. Ah hough Cryptosporidium
species are considered autoinfective, there have been
cases where oocyst shedding has declined and ceased
over a period of months. These steers may have
reached the point where oocyst shedding ceased.
The diet component digestibilities were similar
for all four steers used in this study Fable 2). Resutts
indicate that, even though the infected abomasa were
enlarged, there was little difference in the ability to
utilize feed. The dry matter intake was also similar
Fable 2).

TABLE 2. PERFORMANCE OF INFECTED VS NONINFEC'TED STEERS
Control
DMI, Ib per head per day

Infected

SEM

27.69

25.92

1.77

Dry matter

85.66

80.33

3.49

Crude protein

80.12

73.47

5.18

ADF

72.88

70.92

2.32

NDF

86.28

84.40

1.99

Digestibility, "/b

Initial wt, Ib

1156.0

1053.5

80.83

Final wt, Ib

1265.0

1360.5

52.75

ADG, Ib

2.17

3.74

.35

Abomasal wt, Ib

3.72

6.50

.385

Chyme pH

4.80

4.69

.09

At this point, average daily gain tended to be
higher (Pc.10) for the infected steers than noninfected
steers (Table 2). However, the noninfected steers were
gaining at a faster rate 63 days prior to the start of this

trial (4.18 and 4.18 Ib vs 3.00 and .923 Ib per day for
the infected steers). Possibly cryptosporidiosis caused
a delay in peak growth rate until the disease was
suppressed.

EFFECT OF VALBAZEN AND W A S O L E ON COWCALF PERFORMANCE
T. B. ~ o e h r i n ~
and
' D. M. ~ a r s h a l l ~
Departments of Animal and Range Sciences

Summary
Two trials were conducted to evaluate the effect
of deworming beef cows on weaning weight production
and calf sickness. In Trial 1, deworming first-calf heifers
with Valbazen approximately 2 weeks prior to the start
of calving did not significantly affect calf weaning
weight, weight per day of age or number of treatments
for sickness. In Trial 2, deworming cows 3 years of age
or older with Valbazen or Levasole approximately
2 weeks prior to the start of calving did not significantly
affect calf weaning weight, weight per day of age or
number of treatments for sickness.
Under the
experimental conditions of these trials in which control
and dewormed cows were managed together and
under an apparently low parasite load, deworming did
not significantly increase weaning weights. More field
research is necessary before we can accurately
evaluate the economics of deworming as a
management practice in the Northern Great Plains.
(Key Words:
Deworming, Parasites, Anthelmintic,
Weaning Weight.)
Introduction
Including deworming in a herd health program is
not a universal practice among cow-calf producers of
the Northern Great Plains. The economic benefit of
deworming has not been consistently proven, and
much of the deworming data comes from areas with
vastly different production environments and practices.
Therefore, the decision to deworm might be made
easier if a producer were able to evaluate the practice
in his own herd.
This trial was designed and

'~ssistantProfessor.
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conducted by the SDSU Extension Service in response
to a rancher's request for local information on
deworming. The objective was to evaluate the effect of
deworming cows on calf weaning weights on a
commercial ranch in western South Dakota.
Materials

Methods

Two deworming trials were conducted in the
spring of 1990 on a commercial ranch near Martin, SD,
with the assistance of Gary Nies, County Agricuttural
Agent, and Drs. Morgan Dallman and Carolyn Woodruff,
Blackpipe Veterinary Clinic. Deworming product and
partial financial support for laboratory analysis of fecal
egg counts were provided by Pitman-Moore,
Terre Haute, IN, and product was provided by Norden
Labs, Lincoln, NE.
Trial 1. Approximately 100 first-can heifers were
allotted by service sire and birth date ,breed cross and
individual sire (if known) of heifer to one of two
treatment groups consisting of 1) control or
2) dewormed with Valbazen. Valbazen treatment was
given approximately 2 weeks prior to the start of calving
in conjunction with precalving vaccinations. All heifers
in both groups received vaccinations of Scour-guard Ill
and Clostridium Perfringens Types C and D Bacterin
Toxoid.
The 60-day calving season started
approximately February 15. Treatment groups were
managed together throughout the trial.
Trial 2. Approximately 550 cows were allotted
by age, previous production history (based on MPPA)
and service sire (if known) to one of three treatments
consisting of 1) control, 2) dewormed with Valbazen

and 3) dewormed with Levasole. Deworming treatments
were given approximately 2 weeks prior to the start of
calving in conjunction with the precalving vaccinations
described in Trial 1. The 60-day calving season started
approximately March 1 and treatment groups were
managed together during calving. Cows were assigned
to breeding pastures based on previous production
history, with cows from all three treatment groups
represented in each pasture.
In both trials final calf weights were obtained on
October 6, 1990. The number of times each calf was
treated for sickness of any kind were recorded for each
calf.
Fecal samples were collected from a
representative sample of each treatment group on four
occasions as follows:
1.
2.
3.
4.

Injection of dewor'mer
14 days after deworming
Branding in April
October 6.

Five heifers per treatment were sampled in Trial 1 and
13 to 14 cows per treatment were sampled in Trial 2.
These same heifers and cows were resampled
according to schedule unless culled from the herd at
calving. None of the cattle used in these trials had ever
been dewormed.
Data were analyzed by least squares procedures
using the GLM procedure of SAS. In Trial 1, the final
model for calf performance data included treatment and
calf sex as independent variables and calf age as a
covariate (excluding weight per day of age, WDA). In
Trial 2, the final model for calf performance data
included treatment, calf sex and age of dam as
independent variables and MPPA and calf age
(excluding WDA) as covariates. Treatment means and
standard deviations were determined for fecal egg
counts. Upon finding larger standard deviations than
treatment means, no further statistical analysis was
performed.
Results and Discussion
-The first-calf heifers used in Trial 1 had an
average condition score of 6 (range of 5 to 8) and an
average weight of 1177 pounds (range of 1000 to
4418 pounds) at the time the trial was started. The

effect of deworming first-calf heifers on calf weaning
weight, WDA and number of treatments for sickness is
shown in Table 1. The 11-lb difference in calf weaning
weight was not sufficiently large enough to be
statistically significant (P=.27). This indicates the
variation in weaning weight created by the treatments
imposed, i.e., control vs dewormed, was not unusually
large compared to variation observed within a
treatment. In addition, WDA (P=.21) and number of
treatments for sickness (P=. 15) were not significantly
affected by deworming.
TABLE 1. EFFECT OF DEWORMING ON
PRODUCTIVITY OF FIRST-CALF HEIFERS

Item

Control Valbazen

No. of heifers

45

45

Calf weight, Ib
WDA, Ib

590

60 1

Sick treatments

SEM
7.2

2.68

2.74

.03

.10

.21

.05

a Least square means.

In Trial 2, deworming mature cows precalving
had no significant effect on calf weaning weight
(P=.67), WDA (P=.62) or number of treatments for
sickness (P=.l 1) [Table 21.
Fecal egg counts per gram of fresh feces were
extremely low throughout both trials (Table 3). A total
of 194 fecal samples were collected and only nine
samples were found to have over 20 eggs per gram,
with a high of 59 eggs per gram observed in one
sample. The low fecal egg counts suggest a very low
parasite load. Although our egg count data can not be
interpreted due to low values and large variation within
treatments, it would appear that deworming effectively
reduced fecal egg count by 14 days after injection.
Collectively, the weaning weight and fecal egg
data indicate deworming did not influence calf weaning
weights under an apparently low parasite challenge.
However, the need to co-mingle treatment groups
makes the interpretation of these data difficutt. One
could agree that the control cattle reinfected the
dewormed cattle and thus lowered their productivity.

TABLE 2. EFFECT OF DEWORMING ON PRODUCTIVITY
OF MATURE COWS (TRIAL 2)

Item

Control

Valbazen

Levasole

No. of cows

179

156

168

Calf weight, Ib

609

605

609

WDA, Ib
Sick treatments

SEM

7.5

2.90

2.87

2.88

.03

.31

.43

.40

.09

a Least square means.

TABLE 3. EFFECT OF DEWORMING ON FECAL EGG COUNTS (TRIALS 1 AND 2)
Oocyst counttg fresh feces
Trial 1
Sample date
Injection of dewormers:

Control

Trial 2

Valbazen

Control

Valbazen

Levasole

0

0

2.9

8.5

3.5

14 days after deworming

14.2

0

1.2

0

0

Branding, April

19.2

3.4

5.8

1.3

2.7

3.0

1.6

.8

1.3

1.O

October 6

Another argument would be that deworming lowered
the parasite exposure of the control cattle and thus
increased their productivity. Other studies have shown
significant improvements in calf weaning weights when
control and dewormed cattle were managed together as
in this trial, so the true effect of co-mingling treatment
groups remains unknown.

More field research is necessary before we can
accurately evaluate the economics of deworming as a
management practice in the Northern Great Plains.

REPLACEMENT BEEF HEIFER ECONOMICS

D. M. ~ e u z '
Department of Economics

Summary
The nutritional management of weaned heifer
calves affects not only the conception rate of yearling
heifers but also their subsequent conception rate as
2-year-old cows and the weight of their first weaned
calf. The costs involved in raising the replacement
heifer and the value of cull heifers, 2-year-old cull cows
and weaned first calves all need to be considered when
determining the least cost method of raising
replacement heifers. 'The effects of raising replacement
heifers to prebreeding weights of 50% 62.5% and 70%
of expected mature weight are evaluated from an
economic perspective. If replacement heifers are only
evaluated for one year (1st conception), then raising
replacement heifers to only 50% of mature weight is the
most economical. However, if the replacement heifer is
evaluated through calving, rebreeding and weaning the
first calf, then it is most profitable to raise the
replacement heifer to 62.5% of expected mature weight.
(Key Words:
Replacement
Management, Economics.)

Heifers, Nutritional

Introduction
Proper development of replacement beef heifers
is essential to the economic viability of beef cattle
producers. What constitutes proper development of the
replacement heifer is an often debated subject by
producers, animal scientists and agricultural
economists. The extreme views range from barely
maintaining the heifer through the winter and counting
on compensatory gain in the summer, to creep-feeding
heifer calves and then placing them on full feed after
weaning.
Neither of these two extreme heifer
development programs are very desirable for achieving
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high conception rates. Animal science research has
shown that both resutt in decreased reproductive
performance and milking ability.
The nutritional program of weaned heifers not
only affects their conception rate as yearlings but also
their conception rate as 2-year-old cows. Failing to
account for the reproductive performance of the
replacement heifer beyond first conception can result in
poorly developed replacement heifers from both a
biological and an economical perspective.
The objective of this article is to use data
relating the nutritional development of heifers to their
subsequent reproductive performance as yearlings and
2-year-old cows to establish the costs and returns
associated with different nutritional programs.
Materials

Methods

Animal scientists generally recommend that a
yearling heifer reach 61 to 65% of her expected mature
body weight prior to breeding for maximum
reproductive performance.
It is not uncommon,
however, to find heifers being bred at weights ranging
from 50 to 70% of their expected mature weight.
Three alternative replacement heifer
management programs are evaluated to determine the
associated costs and returns.
Under the first
atternative, replacement heifers are fed 10.75, .55, and
.85 Ib per day of prairie hay, atfatfdgrass hay, and corn
to reach a prebreeding weight of 50% of their mature
weight. Atternative II involves raising the replacement
heifers to a prebreeding weight of 62.5% of mature
weight by feeding 7.50, 2.65, and 5.10 Ib per day of
prairie hay, alfatfdgrass hay, and corn. Under the third

alternative, the heifers are fed 4.40 Ib of prairie hay,
3.60 Ib of alfalfdgrass hay, and 8.45 Ib of corn per day
to reach a prebreeding weight of 70% of their mature
weight. All of the rations contain trace minerals and
vitamin supplements as needed.

The cattle prices used in the analysis are 1990
average level prices as reported at Sioux Falls. Feed
and other variable costs are also at 1990 levels.

The heifer calves were assumed to be of
average condition and had a frame score of 4 or 5 with
an estimated mature weight of 1,135 pounds. The
weight gains for the heifers, their conception rates, the
weight of their first calf, and their conception rate as
2-year-old cows are all adjusted to reflect the
differences in prebreeding weights.

The weight and weight gains of the heifers and
their subsequent reproductive performance are
summarized for each of the three atternatives in
Table 1. The weight gains for the first summer take into
account the concept of compensatory gain.
A
compensatory gain of 50% is assumed, so that half of
the May weight difference is made up by November.

-Results and Discussion

TABLE 1. WEIGHTS, WEIGHT GAINS AND REPRODUCTIVE PERFORMANCE OF REPLACEMENT
HEIFERS UNDER THREE DIFFERENT MANAGEMENT ALTERNATIVES~
Alternative
Date

Description

I

II

Ill

01 Nov

Initial weight

450

450

450

ADG, winter feeding period

.35

1.20

1.70

Weight going onto grass

512

667

758

ADG, 1st month on grass

1.75

1.35

1.17

Weight at start of breeding

568

709

794

Percent of mature weight

50.0

62.5

70.0

ADG, summer and fall grazing

1.67

1.25

1.00

Bred replacement heifer weight

823

900

947

Percent pregnant

72.3

92.5

89.3

ADG, second winter

.90

.90

.90

Precalving weight

93 1

1008

1055

Postcalving weight

801

878

925

ADG, March 1 -November 1

.77

.70

.66

Weight of weaned calf

41 0

435

445

Bred second calf cow

990

1050

1087

Percent pregnant

77.0

93.3

92.1

01 May

01 Jun

01 Nov

01 Mar

01 Nov

a The conception rates and weight of first weaned calf were estimated from data by Patterson
et at., Fleck et al., Lemenager et al., and Short and Bellows.

Yearling conception rates are 72.3, 92.5, and 89.3% for
the three alternatives. The weights of the first weaned
calf vary from 410 to 445 pounds. The rebreedirlg
performance is 77.0, 93.3, and 92.1% under each of the
three alternatives.
The market prices for calves, yearlings and cull
cows used in this analysis are presented in Table 2.

The costs of feeds used in the rations and the cost for
summer and aftermath grazing also are contained in
Table 2. The livestock prices and feed costs displayed
in Table 2 are combined with the biological and
reproductive data in Table 1 to create enterprise
budgets for each of the three management atternatives.
These budgets are contained in Table 3.

TABLE 2. PRICES FOR CALVES, YEARI-INGS AND CULL COWS
AND COSTS OF FEED AND PASTURE USED IN RATIONS
Description

Unit

$/unit

-

Steer calves

cwt

99.22

Heifer calves

cwt

92.50

Cull yearling heifers

Cwt

80.47

Cull 2-year-old cows

cwt

51.21

Prairie hay (9% crude protein)

ton

48.00

Alfalfa-grass hay (15% crude protein)

ton

60.00

Corn grain

bu

2.50

Soybean meal

ton

225.00

Dical

ton

320.00

Vitamin A suppleme-lt

ton

800.00

Trace mineral suppl ?merit

ton

160.00

Summer pasture

AUM

10.00

Fall aftermath (1 mo,ith)

head

5.00

The total costs for the first year range from $645
under Alternative I to $703 under Alternative Ill. All of
the heifers that are open after a 63-day breeding
season are culled and sold in the fall. The value of
these cull heifers is subtracted from the total first year's
cost. The final step to evaluating the first year's cost is
Net Cost for

to adjust for the actual number of bred yearling heifers.
Both the number of cull heifers and death loss of
heifers enters this equation. A 1% death loss is
assumed for all three alternatives. The equation for the
net cost of one bred yearling heifer is:
Net 1st Year's Cost

Bred Yearling

= Yearling Conception Rate - Percent Death Loss

TABLE 3. NET COST OF RAISING REPLACEMENT HEIFERS--WEANED HEIFER
THROUGH 31 MONTHS OF AGE UNDER THREE DIFFERENT
NUTRITIONAL MANAGEMENT ALTERNATIVES
Alternative

Opportunity cost of heifer

$416

$416

$416

Other variable expenses

55

55

55

Interest at 10%

50

51

53

Feed costs
Winter
Summer
Aftermath

Fixed expenses
Total 1st year's costs
Less value of cull heifers
Net 1st year's costs

183

2

82

462

624

62 1

Net cost for 1 bred yearling heifer adjusted
for death loss and culls

$648
$682
............................................................................................
Cost of a bred heifer

$703

$648

$682

$703

Other variable expenses

65

65

65

Interest at 10%

76

80

82

117

36

44

$657

$636

$658

Feed costs
Winter
Summer
Aftermath

Fixed expenses
Total 1st and 2nd years' costs
Less value of cull 2's
value of weaned calf
Net 1st and 2nd years' costs
Net cost for 1 bred 2-year-old cow adjusted
for death loss and culls

With the prices used for this analysis, the net
cost for one bred yearling are $648, $682, and $702 for
the three alternatives.
If replacement heifers are only evaluated for
1 year (7 to 19 months), then it appears that the most
cost effective method for raising bred yearlings is to
follow a rather low nutritional development program.
Additional heifers must be retained under this
alternative to make up for the number of open heifers,
but they can be sold as yearlings to go into a feedlot.
However, the second year of the replacement heifer's
life, which involves calving, rebreeding, and weaning the
Net

'OSt

lor
Bred

first calf, is very critical to the overall profitability of the
replacement heifer and the entire cow herd.
The feed costs and other variable costs are
similar for all three atternatives through the second year.
The total costs are $982, $1,019, and $1,044 for
Alternatives I, II, and Ill, respectively.
All of the open 2-year-old cows are culled and
sold and this value, along with the value of the weaned
calves, is subtracted out to arrive at the net cost for the
2 years. The net cost for a bred 2-year-old cow is
arrived at by the following equation:

Net Cost for 2 Years
= 2-year-old Conception Rate - Percent Death Loss

The net cost for a bred 2-year-old cow under
Alternatives I, II, and Ill is $657, $636, and $658,
respectively. When the replacement heifer is evaluated
for the second year, Alternative I is no longer the least
cost alternative. Alternative II, raising the heifer to a
prebreeding weight of 62.5% of mature weight, is the
least cost alternative. After the second year is
evaluated, there is little difference in cost under
Alternatives I or Ill.
In conclusion, failing to account for the
reproductive differences and the economic costs and
returns of the replacement heifer beyond first
conception as a yearling can lead to improper
replacement heifer development from both a biological
and economic perspective. The least cost method of
raising bred 2-year-old cows is to nutritionally manage
heifers so that they reach approximately 62.5% of their
expected mature weight prior to breeding.
Several other factors also influence the biological
productivity and economic value of replacement heifers
such as breed type, climate, ranch topography, etc.
However, these factors were not considered in this
analysis.
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Summary

Introduction

Three hundred forty-five steer calves
representing 53 cow-calf producers were consigned to
a custom feedlot in late October. Cattle were fed in
one of two pens. One pen of calves received a
moderate roughage growing diet for 39 days and then
were switched to a high energy finishing diet (ACC).
The other pen of calves received a moderate roughage
growing diet for 109 days and then were switched to a
high energy finishing diet (TWO). The ACC calves
weighed 574 lb initially, gained 2.94 Ib per head daily
and were slaughtered at 1147 Ib after an average of
196 days on feed. Average cost of gain and profitability
were $52.31 per cwt and $38.75 per head, respectively.
The TWO calves weighed 504 Ib initially, gained 2.77 Ib
per head daily and were slaughtered at 1096 Ib after an
average of 214 days on feed. Average cost of gain and
profitability were $52.72 per cwt and $16.69 per head,
respectively. Cattle slaughtered later in the spring were
less profitable than cattle slaughtered earlier in the
spring due to a weaker cattle market and wider choiceselect price spread. Across either feeding program,
average profits for cattle slaughtered after 170, 192,
199, 200 and 242 days on feed were $50.03, $64.42,
$28.69, $27.39 and -$16.78 per head, respectively.

Historically, the profitability of cow-calf
operations has been low. Iowa State Universrty's Beef
Cow Business Record Program showed that the
average profit per cow for the 5 years from 1982-86 was
-$60.10. From 1971 through 1984, net profits per cow
averaged -$56.93 in a Universrty of Missouri study.
Kansas State Universrty showed a $4.89 per cow
average profit for the 14 years from 1974 through 1988.

(Key Words:
Retained Ownership,
Performance, Feedlot Profitability.)
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Cow-calf producers have three options to
increase gross returns to the cow herd. One strategy
is to wean more calves either through improved
reproductive performance or by running more cows.
Another strategy would be to wean heavier calves.
These strategies may require considerably more inputs
such as land, labor, feed, veterinary supplies and
financing. The third strategy would be to improve the
marketing of the calf crop.
One marketing alternative for cow-calf producers
is to retain ownership of the calf crop beyond the
traditional sale at weaning. This strategy adds value to
the existing calves and requires only additional
financing, tax planning and risk management if the
cattle are fed in a custom feedlot. When examined over
a period of several years, retained ownership of feeder
calves has been shown to consistently improve
profitabilrty of cow-calf operations through either an

increase in net returns per cow or through minimizing
losses in some years.
The overall objective of this program is to
demonstrate and evaluate retained ownership as a
marketing alternative for cow-calf producers. Specific
objectives include:
1.

Enable cow-catf producers unfamiliar with
retained ownership to gain experience
concerning cattle feeding and marketing.

2.

Enable cow-calf producers interested in
retained ownership to collect feedlot
performance and carcass merit
information from a portion of their cab
crop.

3.

Generate a data base of economic and
performance information from retained
ownership.

4.

Develop educational material aimed at
cow-calf producers, cattle feeders and
agricultural lenders describing retained
ownership and custom feeding.
Materials and Methods

Fifty-three cow-calf producers consigned
69 groups of five steer calves to a custom feedlot6 in
late October of 1990. Eighty-five calves arrived at the
lot the evening prior to processing and were allowed
access to water overnight. The remaining calves were
processed upon arrival.
Processing procedures included weighing,
measuring hip height and determining initial fat
thickness with an uttrasound instrument. All calves
were treated with IVOMEC~to control parasites and

implanted with synovex-s'.
They received 7-way
clostridial bacterin and were vaccinated for IBR, BVD,
PI3, BRSV and Hemophilus Somnus.
Following processing, the ACC and TWO calves
were placed in separate pens. Both groups were fed
long stem atfatfa-grass hay and a commercial complete
receiving feedg. Over a several day period as cattle
became accustomed to eating at the bunk, a growing
ration (Table I)gradually replaced the hay. The
commercial receiving feed was increased until the
calves were eating about 3% of their body weight
(17 Iblhead daily). At this point, additional growing
ration gradually replaced the receiving feed.
Two hundred fifty-five calves were fed the
growing diet until day 39. Then they were switched to
a winter finishing diet (Table 1) on which they remained
until they were fed the final finishing diet (Table 1) from
early February through slaughter. Ninety calves were
fed the growing diet until day 109. They were switched
to the final finishing diet by early March and remained
on it until slaughter.
Since all cattle were fed in one of two pens,
individual feed bills were calculated from performance
data according to equations published by Owens et al.
(1984). Cattle were weighed monthlylO. Ration energy
density was calculated for each feeding program from
the average performance for each pen. Individual
intake was then calculated for each catf using calf
weight, daily gain and ration energy densrty.
Feed, yardage and veterinary bills were financed
through a commercial bank1l. Death loss was shared
by all participants. Producers were sent monthly
progress reports and copies of their feed bills. Each
group of five cattle were slaughtered when three steers
from that group reached an anticipated low choice
grade.

and L Feedyard, Kimball, SD.
7~roductof MSDAGVET, Rahway, NJ.
'product of Syntex Animal Health, West Des Moines, IA.
Product of Purina Mills, Inc., St. Louis, MO.
'O~eviationsexisted due to periods of inclement weather.
"~ri-county State Bank, Kimball, SD.

re-con,

TABLE 1. COMPOSITION OF DIETS FED TO STEERS
Diet
Item

Winter
Finisher

Grower

Final
Finisher

lngredienta
High moisture corn

14.00

15.32

Cracked corn

24.11

47.98

51.70

Corn silage

61.72

33.59

28.72

Alfalfa hay

11.57

12.53

12.26

12.36

77.55

92.77

93.74

-33

.37

.37

supplementb
Mineral
Crude protein, %
NE,

Mcallcwt

NE , Mcal, cwt
9
Calcium, %
Phosphorus, %
Vitamin A, IUIlb

4545

Rumensin, glton

3208

18.50

24.00

31 58
24.40

a Percentage, as fed.

Sup-R-Lix, Purina Mills, Inc.
Dry matter basis.
Results and Discussion
-A wide variety of cattle types were represented
in the program. Straightbreds or crosses of the
following breeds were consigned: Amerifax, Angus,
Belgian Blue, Charolais, Chianina, Continental,Gelbveih,
Hereford, Limousin, Polled Hereford, Red Angus, Rx312,
Salers, Simmental, South Devon and Tarentaise.
Initial weight, hip height and fat thickness is
displayed in Table 2. Generally, cattle placed in the
accelerated finishing program were taller at the hip
(P<.0001) and heavier (P<.0001) than cattle placed in
the two phased program (45.02 in. and 574 1b vs
43.23 in. and 504 Ib, respectively). There were a few
steers of all sizes and weights in each pen. Steers in
both programs carried similar levels of condition.

Feedlot performance information is shown in
Table 3. Slaughter weight for each steer was computed
by first regressing shrunk weight for each weigh day on
days on feed. Then, the weight of the steers at each
slaughter date was calculated from the best fit
equationI3. All cattle were slaughtered between 1 and
9 days following weighing. Slaughter weight was
greater (P<.0001) for steers on the accelerated
program as compared with steers on the two phase
program (1147 vs 1096 Ib). Average daily gain was
also greater (Pe.OOO1) for steers on the accelerated
finishing program than for steers on the two phase
program (2.94 vs 2.77 Ib per head daily). Accelerated
steers were fed an average of 196 days, while two
phase steers were fed an average of 214 days
(Pe.0001).

1 2 composite
~
breed of Red Angus, Hereford and Red Holstein.

13R2 for the best fit linear equations for all steers was between .92 and .99.

TABLE 2. INITIAL WEIGHT, HIP HEIGHT AND FAT THICKNESS
OF PROGRAM STEERS
Weight, Ib

Fat
thickness, in.

Height, in.

Accelerated program
Average

574

Range
Standard deviation

380-790

45.02

.I0

41 .OO-50.00

.02-.20

70

1.61

.03

504

43.23

.10

40.00-48.25

.02-.20

Two phase program
Average
Range
Standard deviation

375-660

1.69

59

.04

TABLE 3. FEEDLOT PERFORMANCE OF STEERS

Pen

Item

Accelerated program

Arerage
Range

Slaughter
weight
1147
864-1406

Standard deviation
Two phase program

Average
Fange

Dry matter intake was 19.54 Ib per hc ad daily for
the accelerated program steers and 19.24 I ?per head
daily for the two phase program steers. Ff ed to gain
ratio was 6.65 and 6.95 Ib dry matter per Ib gain for the
accelerated and two phase steers, respecti\ ely.
Table 4 shows carcass data collected for the
steers. Carcasses of two phase cattle were 28 1b
lighter than carcasses of accelerated calves (P<.0014).
Dressing percentage was higher (P<.0037), kidney,
heart and pelvic fat percentage lower (P > ,0001) and fat
thickness tended (P>.07) to be higher for steers on the
two phase program than for steers on the accelerated
diet. Cattle in both pens had similar rib eye areas,
calculated yield grades and marbling scores. Cattle
grading choice in the accelerated pen was 47%
compared with 50% for the two phase pen.

Days
on
feed

2.94

196

1.90-4.16

170-242

99

-35

17

1096

2.77

214

916-1328

Standard deviation

Average
daily
gain

99

2.03-3.39
.29

199-242
20

Although there appears to be differences in
cattle performance and carcass characteristics between
the two pens of cattle, these differences may not be
due to the different feeding programs. Cattle were not
randomly assigned to each pen. Therefore, initial
weight, hip height and genetic make-up of the two pens
were different.
Additional statistical anatyses are
planned to help identify factors influencing cattle
performance and carcass characteristics.
Table 5 shows the feeding period costs for the
accelerated and two phase cattle. Feed, yardage and
interest expenses were greater for the two phase cattle
due to the additional time on feed. Marketing expenses
include insurance, check-off and weighing charges.
Three steers died and two were sold for salvage. All

TABLE 4. CARCASS DATA FOR STEERS

Pen

Item

Accelerated program

Average

Dressing
percent

Fat
thickness,
in.

Rib eye
area,
in.2

Kidney,
heart
and
pelvic
fat, %

734

63.94

.42

12.84

2.47

2.72

4.84

531-936

57.39-70.43

8.90-17.90

1.50-3.50

.92-4.66

3.50-8.00

Hot
carcass
wt, Ib

Calculated
yield
grade,
units

Marbling
scorea,
units

(D

0

Range
Standard deviation
Two phase program

Average
Range
Standard deviation

.lo-.90

70

1.90

.15

1.56

.60

.69

.67

706

64.42

.45

12.61

2.21

2.72

4.81

589-874

61.39-69.04

9.80-16.50

1.OO-3.50

1.58-3.91

3.50-6.50

1.46

.47

68

.20-.80

1.57

a 3.00 = ~races', 4.00 = selecto, 5.00 = smallo, 6.00 = h40desto, 7.00 =

.13

.61

oder rate' and 8.00 = Slightly abundanto.

.56

TABLE 5. FEEDING PERIOD C O S T S ~

TABLE 6. PROFITABILITY OF RETAINED
OWNERSHIP STEERS

Feeding program
ltem

Accelerated

Feed

223.06

233.84

29.35
8.41

32.05
8.33

7.88

8.37

Trucking

8.84

8.83

Marketing

1.56

1.56

Death loss

7.59

7.59

286.69

300.57

Yardage
Veterinary

Total

Two
phase

Feed cost of gain, $/cwl

Feeding program
Item

Accelerated

Two
phase

Initial pay weight, Ib

597

524

Hot carcass weight, Ib

734

706

Price, $/cW

123.89

121.OO

12.89

5.65

Price, $/cwt
lnitial value, $

Sale value, $

Total cost of gain, $/cwl

52.31

52.72

Break-even sale price, $/cwl

75.97

76.53

a Dollars per head.
Interest on feed, yardage and veterinary
expenses only.

were from the accelerated pen.
However, all
participants in the project shared death loss equally14.
Feed cost of gain and total cost of gain are
expressed on a pay weight to pay weight basis and
were similar for both pens of cattle. lnitial pay weight
was assumed to be 4% greater than the initial weight
obtained at the feedyard. The calculated shrunk
slaughter weight was assumed to equal finished pay
weight. Break-even sale price was $75.97 and $76.53
per cwl for the accelerated and two phase calves,
respectively.
Table 6 shows the initial value, sale value and
profitability of the program steers. Initial price was
computed by using numerous sale barn reports for the
last 2 weeks in October 1990 and regressing price on
pay weight (Figure 1). The equation predicting price
was price ($/cwt) = 135.4826 - .06226 x weight (Ib).
Four hundred nineteen observations were used in the
regression. The coefficient of determination (R*) was

Profitabilrty, $/heada
Annual return on investment, %

a Excludes calf interest and trucking to the
feedlot.

.6040. No attempt was made to adjust the initial prices
for breed type, frame size, initial condition or location.
All cattle were sold on a grade and yield basis.
Average carcass price was slightly higher for the
accelerated calves than the two phase calves because
they went to market earlier. Prices were stronger and
the choice-select spread narrower earlier in the year.
Base choice carcass price and the select discount were
$130 and $5, $129 and $7, $128 and $8, $128 and $8
and $119 and $8 for cattle slaughtered after 170
(April lo), 192 (May 2), 199 (May 8), 200 (May 9) and
242 days (June 20) on feed.
Profits excluding calf interest and trucking to the
lot were $38.75 and $16.69 per head, respectively, for
the accelerated and two phase calves. Interest on the
calf should be accounted for when evaluating retained
ownership profitability. If opportunity interest on the calf
was 7%, interest charges and profitability would have

14~eath
loss for the accelerated pen was actually $10.27 per head and 0 for the two phase pen. Cost of gain
was actually $52.44 and $51.17 per cwl for the accelerated and two phase pens, respectively.

Pay Weight at weaning (Ib)

Figure 1. Relationship between price and pay weight.

been $21.93 and $16.82 per head for the accelerated
calves and $22.03 and -$5.34 per head for the two
phase calves, respectively. Another way to examine
profitability and calf interest is to calculate an annual
return on investing the calf in a retained ownership
program. Annual return on investment (Initial calf value)
was $12.89% and 5.65% for the accelerated and two
phase programs, respectively.
'The range in cattle profitability between groups
of five head within each pen was tremendous. There
were 51 groups of cattle in the accelerated pen.
Profitability for these groups ranged from -$56.57 to
$131.36 per head. Forty-four of the groups made a
profit. Only 7 groups lost money. There were
18 groups of cattle in the two phase pen. Profitability
for these groups ranged from -$39.57 to $57.26 per
head. Eleven groups made a profit and 7 groups lost
money.
Additional statistical analyses will be conducted
on these data in an attempt to identify the factors that
were closely related to profitability. However, it appears
that average daily gain is important as it relates to days
on feed. Cattle with faster rates of gain reached an
acceptable market endpoint more quickly and were

slaughtered earlier in the spring when choice beef
prices were stronger and there was a smaller
choice-select margin.
Fewer days on feed also
corresponds to lower yardage, interest and feed costs.
Quality grade is related to profitability in cattle
slaughtered later in the spring. Later in the spring
when cattle were sold, quality grade was of greater
importance because the spread between choice and
select beef was wider.
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GRASSHOPPER DESTRUCTION OF RANGELAND GRASSES

P. S. ~ohnson'
Department of Animal and Range Sciences

CATTLE 91-24

Summary
Utilization of leaf material from cool and warm
season grasses by grasshoppers was determined in
1987 and 1988. The study was conducted on a Mixed
Grass Prairie site in western South Dakota near the
town of Belle Fourche. The principal cool season grass
was western wheatgrass and the warm season grasses
were blue grama and buffalograss. Utilization of these
grasses was evaluated for two grasshopper species,
Melanoplus sanguinipes in 1987 and Aulocara elliotti in
1988.
Grasshoppers were stocked in 0.25 m2 caged
plots at a rate of 20/m2 (5 per cage) for the grazing
treatments. Caged plots with no grasshopper grazing
were the controls. Melanoplus destroyed (consumed
waste) 24% of its body weight daily and Aulocara
destroyed approximately 18%. Forage losses on
rangelands having a grasshopper density of 20/m2
would be approximately 134.6 Ib/ac/month for
Melanoplus and 117.3 Ib/ac/month for Aulocara. When
calculated based on the Soil Conservation Service
recommended livestock stocking rate of approximately
2.7 ac/AUM (0.37 AUMIac), Melanoplus consumed (at
a grasshopper density of 20/m2) 47%
(363.6 ibl2.7 aclmonth) and Aulocara 41 %
(316.7 lb12.7 admonth) of the forage required for one
animal unit on 2.7 ac for 1 month.

+

(Key Words: Grasshopper, Utilization, Grazing, Forage
Destruction.)
Introduction
Grasshoppers are widespread, destructive pests
on western rangelands.
During years of high

'~ssistantProfessor.

grasshopper densities, they may compete very
effectively with livestock and wildlife for available forage.
This is of particular concern during dry years when
forage is in very limited supply. Grasshopper control
measures can be very expensive and are generally not
cost-effective when grasshopper populations are low.
Population levels at which control measures become
cost-effective have not been established for many areas
and many grasshopper species. Forage destruction
rates of grasshoppers on rangeland vegetation must be
determined in order to have the information necessary
to evaluate the economics of grasshopper control
measures.
A number of studies have been conducted to
determine rates of forage destruction by grasshoppers.
Many of these studies have been conducted under
artificial conditions in the laboratory rather than on
rangelands. The objective of this study was to
determine the rate of forage destruction by two
grasshopper species common to western South Dakota
under relatively natural rangeland conditions.
Materials and Methods
This study was conducted in Butte County in
western South Dakota on a Mixed Grass Prairie site.
The study site is a relatively flat area of a pasture
grazed by cattle in winter. Mean annual precipitation is
16 inches.
Vegetation is dominated by western
wheatgrass (Agropyron smithill, blue grama (Bouteloua
gracilis), and buffalograss (Buchloe dactyloides). The
study was conducted in 1987 using the grasshopper
species Melanoplus sanguinipes and in 1988 using
Aulocara elliotti.

The 1987 grazing trial began July 3 and ended
August 31. Ninety 0.25 m2 plots were located in rows
within an area of relatively homogeneous vegetation
with plots separated by at least 1 m. Thirty plots were
randomly selected for each of three grazing
periods: July 3 to July 17, July 17 to August 8 and
August 10 to August 31.
The 1988 grazing trial began August 1 and
ended August 18. Twenty-four 0.25 m2 plots were
located in rows (plots separated by at least 1 m) within
an area of relatively homogeneous vegetation near the
location of the 1987 plots. All plots were used during
the August 1 to August 18 grazing period.
Prior to treatment in both years, 15 to 20
randomly located tillers each of western wheatgrass,
blue grama and buffalograss were marked within each
plot by encircling each with a loop of colored plasticcoated wire. The length of every leaf on each tiller was
recorded, from the base of the tiller upward, as was the
length of each partially grazed area of a leaf and the
condition of the leaf tip. Tiller density was also
measured for each species in each plot. Plots were
randomly assigned to one of two grazing treatments,
control and grazed. Control plots were protected from
grazing by grasshoppers during the experiment by
covering the plots with wire mesh cages. Grazed plots
were stocked with five adult grasshoppers (20/m2) and
covered with wire mesh cages. Dead grasshoppers
were removed and replaced with live individuals on a
regular basis during each grazing trial. At the end of
each grazing period, grasshoppers were removed from
all grazed plots and the leaves of marked tillers were
remeasured. Average leaf growth for each leaf position
was calculated for leaves under control cages.
The relationship between leaf length and weight
was established for each grass species using ungrazed
leaves. Leaf weights before and after treatment were
calculated for leaves in both the control and grazed
treatments using these equations, incorporating
expected leaf growth values (based on growth of leaves
in control plots) for heavily grazed leaves. Leaf weight
after trial was subtracted from leaf weight before trial to
yield loss/leaf. These were summed for each tiller,
averaged across the tillers of a species within a plot,
multiplied by the density of tillers in each plot and
averaged by treatment. Total forage utilized (consumed

and/or destroyed) was then calculated as the difference
between the average leaf loss from treatment and
control plots.
The 1987 and 1988 data were analyzed using
analysis of variance for a split plot design. In 1987, trial
period and grazing treatment were main effects, plant
species was the subplot effect and biomass loss was
the dependent variable. In 1988, grazing treatment was
the main effect, plant species was the subplot effect
and biomass loss was the dependent variable.
Results and Discussion
For the 1987 data, significant factors were
treatment (P< 0.001), date X species (P=0.078) and
date X treatment X species (P=0.014). For the 1988
data, treatment (P=0.084), species (P=0.0032) and
treatment X species (P=0.0012) were significant.
Grass utilization data for 1987 and 1988 are
presented in Table 1. The 1987 data indicate a shift in
preference by the grasshoppers from cool season to
warm season grasses as the summer progressed and
the cool season grasses matured. A similar shift in
preference is typically observed in cattle. No utilization
of western wheatgrass occurred during the 1 August to
18 August grazing period in 1988. Grasshoppers
instead relied very heavily on the two warm season
grasses. At this time in the growing season, cool
season grasses are typically very mature while warm
season grasses may still be growing.
Utilization by grasshoppers at a densty of 20/m2
Melanoplus destroyed
can be substantial.
approximately 24% and Aulocara 18% of its body weight
daily. In 1987, Melanoplus destroyed 127.4 to 152.2
Ib/ac/month of forage.
In August 1988, Aulocara
destroyed 117.3 Ib/ac/month at the same grasshopper
densty.
The Soil Conservation Service (SCS)
recommended stocking rate for livestock on this range
site is approximately 0.37 AUM1s/acor 2.7 ac/AUM. At
a densty of 20/m2. Melanoplus would have destroyed
approximately 363.6 Ibtmonth and Aulocara 316.7
Ib/month on the 2.7 ac required to maintain one animal
unit for a month. This is approximately 47% and 41%
(for Melanoplus and Aulocara, respectively) of the

TABLE 1. U'l7LIZATION OF NATIVE RANGE GRASSES BY TWO GRASSHOPPER SPECIES
IN 1987 (MELANOPLUS SANGUINIPES) AND 1988 (AULOCARA ELLIOTTI)
Utilization
(Ib/ac/month)

Year

Period

Plant

1987

July 3 to July 17

Western wheatgrass
Shortgrasses
Total

July 17 to August 8

Western wheatgrass
Shortgrasses
Total

August 10 to August 31

1988

August 1 to August 18

Western wheatgrass
Shortgrasses

94.8
57.4
152.2

Total
Western wheatgrass

no use

Shortgrasses

117.3
117.3

forage required by an animal unit on 2.7 ac for a
month.
Grasshoppers can compete very effectively with
livestock for forage, and, during years of severe
outbreaks. may severely limit the amoun. of forage
available to livestock and wildlife. The g-asshopper
species utilized in this study were relativc ly small in
size. 'The larger species might be expectecl to impact
forage availability at even lower densities.

256.0
155.0
41 1 .O

80.2
47.2
127.4
49.8
80.8
130.6

Total

Utilization
(lbl2.7 aclmonth)

31 6.7
31 6.7

The economic viability of grasshopper control
measures is a function of a number of factors including
grasshopper density and associated forage destruction
rates, value of forages and feeds and cost of control
measures.
Another factor that should also be
considered before control measures are undertaken is
the effect of pesticide applications on populations of
other insect species.
Beneficial insects may be
eliminated along with grasshoppers with many chemical
applications, and the long term result may be serious
outbreaks of other destructive pests.

WESTERN WHEATGRASS RECOVERY FROM DROUGHT
F. R. ~artner',E. M. white2 and K. D. ~ l e m e n t ~
Departments of Animal and Range Sciences and Plant Science

Furthermore, mechanical treatments improve the soil
capacity for water retention, thereby increasing soil
moisture for plant growth.

Summary
Native grasses are predictably taller in wet years
than in dry years and their density also increases with
favorable precipitation. These responses of western
wheatgrass are more dramatic on mechanically treated
rangeland when precipitation is adequate.
Measurements taken in July 1991 confirmed that
western wheatgrass was slightly taller and density at
least two times greater on mechanically treated claypan
soils compared with untreated soils 13 and 18 years
following treatment.
Increases of this magnitude
constitute a potentially greater carrying capacity which
livestock producers should be prepared to utilize. This
report briefly summarizes the effects of mechanical
treatment on height and density of western wheatgrass
13 and 18 years following treatment and in a wet year
following several dry years.

Mechanicaltreatments tend to make the surface
of rangelands even rougher for vehicular travel. With a
little planning, trails can be left throughout a pasture for
checking livestock, fences, water, etc., without
diminishing treatment effectiveness. Some landowners
view furrowed range as beneficial because it limits
recreational vehicle travel. Surface roughness is the
key for capturing and retaining snowfall in winter as well
as holding summer precipitation where it falls. Water is
South Dakota's most valuable asset for insuring
maximum productivity on any piece of land. Thus, it is
imperative that landowners strive to reap maximum
benefits when precipitation is adequate and assure
good grass growth when soil moisture becomes scarce.
Mechanical range renovation can provide these
benefits.

(Key Words:
Western Wheatgrass, Mechanical
Renovation, Drought Recovery.)

The objective of this study was to determine if
western wheatgrass height and density on claypan soils
would still be enhanced 13 and 18 years following
mechanical treatment. A secondary objective was to
ascertain if western wheatgrass recovery from drought
was more favorable on mechanically treated soils than
on untreated soils.

Introduction
Various kinds of mechanical treatments have
been imposed on rangelands in western South Dakota
over the past 4 or 5 decades. Deep ripping, shallow
chiseling, and furrowing (commonly on the contour)
have been applied on thousands of acres of Clayey,
Claypan, and other range sites. The success of these
practices for increasing range productivity are due to
the widespread occurrence of clayey textured soils, the
affinity of western wheatgrass for clayey soils, and the
capability of this grass to reproduce by rhizomes which
are, apparently, stimulated by soil disturbances.

Methods
Having at least two prior mechanical treatment
studies still available for monitoring, the decision was
made in early 1991 to relocate the study areas and
sample western wheatgrass height and denslty on

'
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treated and untreated claypans. Unexpectedly, the
persistent drought of the past several years in western
South Dakota appeared to be broken as above-average
precipitation fell over much of the area early in the
growing season. Thus, it was possible to obtain
information on both the longevity of mechanical
treatments and the recovery of western wheatgrass
following drought as related to mechanical treatment.

number of western wheatgrass stems were recorded in
each of 50 square-foot quadrats along paced transects
in both the ripped and adjacent untreated range. The
same measures were similarly recorded in the
mechanicaltreatment comparison study in southwestern
Meade County on the Harrington Ranch. At that site,
200 plant heights were recorded and densrty was
counted in 100 square-foot plots along paced transects
within each treatment.

Studv 1: Deep Ripping, 1973-1977
Results and Discussion
-In late May, 1973, deep ripping was applied on
three different Claypan range sites on the Antelope
Range Field Station, Harding County, and on another
Claypan site in Meade County (A. Kammerer Ranch).
The vegetation on each of these sites differed, not
because of utilization differences but due to soil
variability.
A construction ripper with 24-inch shanks on
4-foot centers was pulled with an International TD-20
crawler tractor. Ripper shanks penetrated the soil to a
depth of 20 to 24 inches. Application cost was
estimated to be $10 per acre. Forage production was
measured in 1974 and 1975 in Harding County and
from 1974 through 1977 in Meade County.
Study 2:
1978-1988

Comparison

of

Most of western South Dakota was affected by
drought during the years 1978 through 1990. Weather
records from the Rapid City Regional Airport during this
13-year period indicated that annual precipitation was
above average in only four years, and in two of those
four years it was less than 0.25-inch above the longtime average.
The pattern of growing season
precipitation was similar. Abundant precipitation in
May, June, and July of 1991 resulted in extremely good
growth of native cool-season grasses. Some persons
stated that the drought was broken. However, soil
moisture over most of the area was severely depleted
over the past 13 years and one good precipitation year
will probably not replenish moisture in the entire soil
profile.

Mechanical Treatments,

Another study was initiated in the fall of 1978 in
southwestern Meade County (Harrington Ranch) on a
Thin Claypan range site. It was designed to compare
long-term forage and soil moisture responses in three
mechanical treatments and in an untreated control,
each replicated four times. Treatments tested were
ripping (with the construction ripper); furrowing (furrows
24 in. wide, 3 to 6 in. deep, on 5-ft. centers); and rip +
furrow (deep ripper with attachments to open 12 to
16 in. wide furrows, 8 to 12 in. deep, on 4 3 . centers).
Vegetation and soil moisture data were collected each
year through 1988.
Given these circumstances, western wheatgrass
heights and densities were sampled in July 1991 on
mechanically treated and untreated range to determine
if these attributes were still enhanced 13 and 18 years
posttreatment. At each of the deep ripping study sites,
two plant heights (maximum leaf height) and the total

Study 1: Deep Rippinq, 1973-1977
Annual forage production data collected during
the course of this study indicated that this form of
mechanical treatment resulted in about a twofold
increase in total forage yields, most of which was
western wheatgrass. These results were published in
the Antelope Range Field Day Report, 1977; the
Department of Animal Science Cow-Catf Day Report,
1978; and the Journal of Range Management, Vol. 34,
1981.
Western wheatgrass height and density sampled
in July 1991 indicated that plant vigor was greater on
ripped than on untreated claypan soils even afier
several years of drought (Table 1). Plant heights
averaged across all four sites were only about 3%
greater on ripped than on untreated areas, suggesting
that the 1973 ripping treatment had little effect on 1991
plant height. The average density increase on treated
compared with untreated soils in both Harding and

TABLE I. MEAN WESTERN WHEATGRASS HEIGHTS (INCHES) AND DENSITIES (STEMS~FT~)
IN JULY 1991 AT FOUR CLAYPAN SITES RIPPED IN 1973

Heiaht
Untreated

Densitv
Ripped

Untreated

Ripped

County

Site

Harding

Silver Sage

9.1

8.4

17.0

33.3

Harding

Corral

8.0
9.1

8.4
9.8
10.7

6.4

47.7

5.2

15.0
29.9

Harding
Meade

Big Sage
Kammerer

9.9

Meade Counties was 277%, meaning that there were
approximately three times as many stems per square
foot on ripped claypans. The data indicate that,
18 years after ripping and following several years of
drought, western wheatgrass density was still enhanced
by mechanical treatment. The data also indicate that,
when sufficient soil moisture is available for good plant
growth on claypans, western wheatgrass density is a
better measure of response to mechanical treatment
than is plant height. This suggests that since plant
height and density are related to total forage yields, the
greater productivity of ripped claypans will provide
returns in the form of more forage for at least 18 years
after treatment. Observations over the past 30 years of
several ripped soils across western South Dakota
support this conclusion.
Study 2: Comparison
1978-1988

of

Mechanical Treatments,

Annual forage yields and soil moisture levels
among the four treatments on the Harrington Ranch
were previously reported in the Department of Animal
and Range Sciences Field Day Report, Antelope, 1983;
in the Cow-Calf Day Report, 1984; and in the USDA and
USDl Vegetative Rehabilitation and Equipment
Workshop 38th Annual Report, 1984. This study
provided additional evidence that mechanicaltreatments
can improve soil moisture available for plant growth,
leading to greatly increased forage production.
Western wheatgrass height and denstty recorded for
the years 1980 through 1988, together with departures
from annual and growing season precipitation,
exemplified the close relationships between plant
height, density and precipitation and were reported in
South Dakota Farm and Home Research, Vol. 40, No. 1,
1989.
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Sampling of western wheatgrass heights in 1991
at the Harrington Ranch study area supported the data
shown above for Study 1, which indicated that western
wheatgrass height was not different on the ripped and
untreated soils (Table 2). However, western wheatgrass
was' considerably taller in 1991 on both furrowing
treatments than on either the untreated or ripped soils.
This suggests that either soil moisture was not as
depleted in the furrowed soils or that furrowed soils
absorbed more precipitation (and melted snow) when
it was available before and during the 1991 growing
season. While there was virtually no difference in 1991
between average height of western wheatgrass on
ripped and untreated soils, average height was greater
on ripped claypans from 1980 through 1986 Fable 2).
Density was about 38% greater on the ripping
treatment and 136 to 163% greater on the furrowing
treatments than on the untreated soils. Although plant
heights were not different, the greater denstty would
account for a greater yield difference on the treatments.
Furrows retain more precipitation than ripping, and
water leaches sodium and other salts deeper into the
profile, perhaps allowing western wheatgrass roots to
survive at greater depths. This action may be a form of
'drought-proofing,' since plant densities and, frequently,
plant heights were greater on mechanically treated soils
when precipitation was limited.
Storing precipitation where it falls and allowing
it to percolate into the soil profile tends to moderate the

normally wide fluctuations in annual forage yields and
supports a longer green-forage season in summer.
Evaporation losses, especially from claypan soil
surfaces, are also reduced on mechanically treated
rangelands. All these benefits can improve livestock

TABLE 2. MEAN WESTERN WHEATGRASS HEIGHTS (INCHES) AND DENSITIES
(STEMS/FT*) ON MECHANICALLY TREATED AND UNTREATED CLAYPAN
SOILS IN SOUTHWESTERN MEADE COUNTY (HARRINGTON
RANCH) RELATIVE TO ANNUAL AND GROWING SEASON
PRECIPITATION DEPARTLIRES, 1978-1991a
Precipitation
departures from
normal (in.)
Year

Growing
Annual season

Height
U

R

Density

R+F

SF

U

R

R+F

SF

---

---

---

---

19.0

20.9

35.6

35.7

1978

-1.55

-0.36

---

---

---

---

1991

NA

NA

11.5

11.3

13.7

13.2

a U = untreated; R = rip; R+F = rip and furrow; SF = Sparks furrow.
--- = height and density not sampled; NA = not available.

production, wildlife habitat, and soil and water
conservation on South Dakota rangelands.
Highly variable precipitation across South Dakota
rangelands is the primary factor affecting range forage
production and economic returns of a ranch. Many
landowners perceive that the economic benefits from
fencing and water developments are greater than from

mechanical treatments. Yet, mechanical treatments
appear to be the most consistent range improvement
for assuring a stable quantity of native vegetation.
Since soil moisture fluctuates with precipitation, any
form of 'surface roughness' that retains precipitation
where it falls will assure stable forage growth even
during dry cycles.
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ANIMAL AND RANGE SCIENCES
RESEARCH AND EXTENSION UNITS

1.

SDSU Campus, Agricultural ExperimentStation, Cooperative ExtensionService, Brookings.

2.

Southeast South Dakota Research Farm, Beresford
~ e e cattle
f
nutrition * Swine nutrition and management.

3.

West River Agricultural Research and Extension Center, Rapid City
Professional research and extension staff in Animal and Range Sciences, Plant
Science, Economics, 4-H and Extension Administration.

4.

Antelope Range Livestock Station, Buffalo
Beef cattle breeding * Range beef herd management
management and breeding.

5.

*

Sheep nutrition,

Range and Livestock Research Station, Philip
Range beef nutrition * Herd management * Range management.

These research and extension units are geographically located in South Dakota to help soke
problems, bring the results of livestock and range research to the user, enhance the statewide
teaching effectiveness of the Animal and Range Sciences Department staff and maintain a close
and productive relationship with South Dakota producers and our agri-business community.

THE STATE OF SOUTH DAKOTA
IS
OUR CAMPUS * OUR RESEARCH LAB * OUR CLASSROOM
South Dakota State University, Animal and Range Sciences Department
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